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Description 

Technical Field 

5 [0001 ] The present invention relates to NF-kB inhibitors, and more specifically to preventive or therapeutic agents 
for diseases caused by the activation of NF-kB comprising as an active ingredient a benzoquinone derivative or its hyd- 
roquinone form or a pharmaceutical acceptable salt thereof. 

Background Art 

10 

[0002] Nitric oxide (NO) is biosynthesized from L-arginine as the substrate by NO synthase (NOS). Currently three 
isozymes of NOS have been found: the brain isozyme (bNOS). the endothelial isozyme (eNOS), and the inducible iso- 
zyme (iNOS) (Moncada, S. and Higgs, A. (1993) N. Eng. J. Med. 329: 2002-2012). The transcription of iNOS can be 
activated by an action of endotoxins and cytokines on macrophage, vascular smooth muscle cells, hepatic cells, 
15 chondrocytes, gliacytes, etc., resulting in expression thereof (Forstermann, U, Gath, I., Schwarz, P., Closs. E. I. and 
Kleinert. H. (1995) Biochem. Pharmacol. 50: 1321-1332). 

[0003] The iNOS has been reported to be induced by inflammatory conditions regardless of the species, and the 
suppression of the enzymatic activity and of the expression has been shown to be useful for amelioration of the disease 
states (Cattell, V. and Jansen, A. (1995) Histochem. J. 27: 777-784; Nussler, A. K. and Billiar, T. R. (1993) J. Leukoc. 
20 Biol. 54: 171-178). 

[0004] It has been reported that arginine derivatives or aminoguanidine exhibit pharmacological effects in model 
animals of myocarditis, cerebral infarction, arthritis, sepsis, multiple sclerosis, systemic lupus erythematosus, and insu- 
lin-dependent diabetes mellitus (Moncada. S. and Higgs, E. A. (1995) Faseb. J. 9: 1319-1330). Though L-N-monome- 
thyl arginine, a NOS inhibitor, is highly toxic at high doses, it not only improves low blood pressure in sepsis but has a 
25 marked preventive effect, on which a clinical trial is under way (Moncada, S. and Higgs, E. A. (1995) Faseb. J. 9: 1319- 
1330). 

[0005] Furthermore, resistance against sepsis or inflammation induced by carageenin has been shown in experi- 
ments using iNOS knockout mice, revealing that the expression of iNOS causes these pathological states (Wei, X.Q., 
Charles, I. G. f Smith, A., Ure, J., Feng, G. J. t Huang, F. P., Xu, D., Muller, W., Moncada, S. and Liew, F. Y. (1995) Nature 
so 375:408-411). 

[0006] An excess of NO produced by the induction of iNOS expression is believed to damage normal cells and 
cause various disease states. On the other hand, the constitutively occurring NOS (cNOS) termed eNOS or bNOS is 
required to suppress an increase in blood pressure and to maintain it. Thus, inhibitors which do not inhibit the activity 
of cNOS and that are specific for iNOS are required. However, since the regions of the proteins that regulates the enzy- 
35 matic activity of isozymes are very similar to one another in the primary structure, no NOS inhibitors have yet been 
found which are sufficiently specific (Ogden, J. E. and Moore, P. K. (1995) Trends Biotechnol. 13: 70-78, Manning, R., 
Jr., Hu. L, Mizelle, H. L, Montani, J. P. and Norton, M. W. (1993) Hypertension 22: 40-48). 

[0007] As enzyme inhibitors, L-arginine (and amino acid) derivatives have mainly been developed but many of them 
are low in isozyme specificity. Although aminoguanidine and amidine derivaties, though weakly effective, have been 
40 reported to have relatively iNOS-specific inhibitory effects (Southan, G. J. and Szabo. C. (1996) Biochem. Pharmacol. 
51 : 383-394), pharmaceutical agents having adequate specificity have yet not to be found. 

[0008] On the other hand, TNF-a. a cytokine produced by various cells including macrophage, is believed to be an 
important mediator of inflammation (Vassalli. R (1992) Anna Rev. Immunol. 10: 411-452). There is growing evidence 
that the excessive production of TNF-cc damages normal cells and causes various pathological conditions (Muto, Y, 
45 Nouri-Aria, K. T, Meager, A., Alexander, G. J., Eddleston, A. L and Williams, R. (1988) Lancet 2: 72-74, Sharief, M. K. 
and Hentges, R. (1991) N. Engl. J. Med. 325: 467-472). 

[0009] Increases in TNF-a have been observed in the synovial fluid and the blood of patients with, for example, 
rheumatoid arthritis (Tetta. C, Camussi, G., Modena, V., Di Vittonio, C. and Baglioni, C. (1990) Ann. Rheum. Dis. 49: 
665-667; Venn, G., Nietfeld, J. J., Duits, A. J., Brennan, F. M., Arner, E., Covington, M., Billingham, M. E. and Hard- 

so ingham, T. E. (1993) Arthritis Rheum. 36: 819-826). Antibody against TNF-a has also been demonstrated to be effec- 
tive in clinical trials (Elliott, M. J., Maini, R. N., Feldmann, M., Long-Fox, A., Charles, P., Bijl, H. and Woody, J. N. (1994) 
Lancet 344: 1125-1127; Elliott, M. J., Maini, R. N., Feldmann, M. ? Kalden. J. R. t Antoni, C, Smolen, J. S., Leeb, B., 
Breedveld, F. C, Macfarlane, J. D., Bijl, H. and et al. (1994) Lancet 344: 1 105-1 110; Rankin, E. C, Choy, E. H., Kassi- 
mos, D., Kingsley, G. H., Sopwith, A. M. t Isenberg, D. A. and Panayi. G. S. (1995) Br. J. Rheumatol. 34: 334-342). 

55 [001 0] Furthermore, the involvement of TNF-a in sepsis or inflammatory bowel diseases.has been pointed out and 
the ameliorating effects of anti-TNF-a antibody on these diseases have been observed (Vincent, J. L, Bakker, J., Mare- 
caux, G., Schandene; L, Kahn, R. J. andDupont, E. (1992) Chest 101: 810-815; Hinshaw, L B., Tekamp-Olson, P., 
Chang, A. C. ( Lee, P A., Taylor, F, Jr., Murray, C. K., Peer, G. T, Emerson, T: f Jr., Passey, R. B. and Kuo, G. C. (1990) 
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Circ. Shock 30: 279-292). 

[0011] Tnese findings expressly indicate that the excessive production of TNF-a causes and aggravates various 
inflammations, and thereby there the development of pharmaceutical agents which can inhtoit the production of TNF-a 
is required (Nyman, U., Mussener, A., Larsson, E., Lorentzen, J. and Klareskog, L (1997) Clin. Exp. Immunol. 108: 415- 
5 419). 

[0012] Thus, iNOS or TNF-a have been recognized to be one of the causes of various inflammations. However, the 
fact that many other mediators have been demonstrated to cause inflammation and thereby the cause of the diseases 
cannot be attributed to any one particular mediator makes the development of therapeutic agents difficult. Under these 
circumstances, there is a great need for low molecular weight compounds that not only suppress the expression of par- 
w ticular proteins but inhibit widely the production and expression of proteins involved as causative factor in the inflamma- 
tion. 

[0013] NF-kB is a protein that regulates gene expression and is one of the so-called transcription factors. When 
normal cells are stimulated with an inflammatory cytokine such as interleukin-1 (IL-1 ) and TNF-a, a lipopolysaccharide, 
or ultraviolet rays. NF-kB are activated and then they translocate from the cytoplasm into the nucleus where they bind 
is to specific nucleotide sequences on the genomic DN A and thereby become involved in the expression of various genes 
(Blackwell, T. S. and Christmaa J. W. (1997) Am. J. Respir. Cell Mol. Biol. 17: 3-9). 

[0014] Genes encoding iNOS and TNF-a, though entirely different from one another, have regions to which NF-kB 
binds on the expression control region of the genomic gene thereof, and there is growing evidence that the activation 
of NF-kB is important for the expression of these proteins in common (Jongeneel, C. V. (1994) Prog. Clin. Biol. Res. 
20 388: 367-381; Xie, Q. W., Kashiwabara. Y. and Nathan, C. (1994) J t Biol. Chem. 269: 4705-4708; Nunokawa, Y. f 
Qikawa. S. and Tanaka, S. (1996) Biochem. Biophys. Res. Commun. 223: 347-352). 

[0015] Many genes that are involved in immunological inflammatory reactions under expression control by NF-kB 
are recognized, in addition to iNOS and TNF-a f ones for inflammatory cytokines such as IL-1, IL-6 and IL-8, as well as 
cell adhesion factors such as ICAM-1 , VCAM-1 and ELAM-1 or the like (Collins, T. ( Read, M. A., Neish, A. S., Whitley, 

25 M. Z., Thanos, D. and Maniatis, T. (1995) Faseb. J. 9: 899-909). Furthermore, it is known that inflammatory cytokines, 
when bound to receptors, transduce NF-KB-activating signals via various routes, and this fact is believed to be cause 
that further aggravates inflammation. Thus, the activation of NF-kB in inflammation is understood as an etiological and 
aggravating matter of diseases (Baeuerle, P. A. and Baichwai.. V. R. (1997) Adv. Immunol. 65: 1 1 1 -137). 
[0016] In recent years, it has also been reported that HIV, HTLV-1 , CMV, adenovirus and the like activate NF-kB in 

30 host cells (Dezube, B. J., Pardee, A. B., Beckett, L. A., Ahlers, C. M., Ecto, L, Allen-Ryan, J., Anisowicz, A., Sager, R. 
and Crumpacker, C. S. (1992) J. Acquir. Immune Defic. Syndr. 5: 1099-1 104; Nabel, G. and Baltimore, D. (1987) Nature 
326: 711-713; Fazely, F. t Dezube, B. J., Allen-Ryan, J., Pardee, A. B. and Ruprecht, R. M. (1991) Blood 77: 1653-1656; 
Munoz, E. and Israel, A. (1995) Immunobiology 193: 128-136). The activation of NF-kB in turn activates its transcription 
leading to the progression of viral propagation and infection. 

35 [0017] Accordingly, it is possble to suppress altogether the induction of expression of these inflammatory 
cytokines, genes of adhesion molecules, and viruses by inhibiting the activation of NF-kB, and NF-kB inhibitors are 
promising as therapeutic agents of such diseases as are caused either directly or indirectly by the activation of NF-kB, 
specifically various inflammatory diseases, autoimmune diseases and viral diseases, and immunosuppressive agents. 
[0018] Therapeutic agents currently used for chronic diseases include steroid hormones such as glucocorticoids, 

40 non-steroidal aspirin formulations, and the like. However, glucocorticoids are known to be associated with the appear- 
ance of severe side effects such as the aggravation of infectious diseases, onset of peptic ulcer, and central effects, and 
therefore are not amenable to a long-term administration. Furthermore, although the non-steroidal agents, suppress 
the production of prostaglandins etc., they do not provide curative treatments and they are known to exhibit such side 
effects as the onset of peptic ulcer and central effects. 

45 [0019] It has also been reported in recent years that anti-inflammatory drugs at high doses inhibit the activation of 
NF-kB (Auphan, N., DiDonato, J. A., Rosette, G, Helmberg, A. and Karin, M. (1995) Science 270: 286-290; Shackel- 
ford, R. E., Alford, P. B., Xue. Y, Thai. S. F, Adams, D. O. and Pizzo, S. (1997) Mol Pharmacol. 52: 421-429; Bitko, V., 
Velazquez, A., >feng, L, Yang, Y. C. and Barik, S. (1 997) virology 232: 369-378). However, due to their diverse pharma- 
cological actions, these compounds have side effects; and therefore the development of safer drugs based on a novel 

so mechanism is required. 

[0020] As a method of inhibiting the actions of TNF-a, it is thought that the use of antibodies that specifically bind 
to TNF-a and TNF receptor proteins. However, those are both macromolecule proteins and are not suitable for oral 
administration. 

[0021] Phenylmethyl benzoquinone derivatives exhibit the effect of improving cerebral functions in experimental 
55 animals of anoxia at low doses, and are shown to be effective for improving and treating intracerebral organic disorders 
and mental function disorders (Suzuki, K. f Tatsuoka, T, Murakami, T., Ishihara, T, Aisaka, K., Inoue, T, Ogino, R.. 
Kuroki. M., MiyazaW, T, Satoh, F, Miyano, S. and Sumoto, K. (1996) Chem. Pharm. Bull. 44: 139-144). However, at 
present the effects of phenylmethyl benzoquinone derivatives on the production of inflammatory mediators and on the 
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activation of NF-kB have not been known. 
Disclosure of the Invention 

s [0022] The present invention provides preventive and therapeutic agents for diseases caused by the activation of 
NF-kB, for example, diseases caused by the overproduction of various inflammatory mediators and viral propagation, 
by suppressing and/or inhibiting the activation of NF-kB. More specifically it provides therapeutic and preventive agents 
for diseases that are believed to be caused by the excessive production of NO or TNF-a including, for example, septic 
shock, osteoarthritis, rheumatoid arthritis, cachexia, multiple organ failure, inflammatory bowel diseases, malaria, 

io acquired immune deficiency syndrome, human T-cell leukemia, meningitis, hepatitis, type II diabetes, multiple sclerosis, 
Behcet disease, systemic lupus erythematosus, ischemic heart disease, Alzheimer's disease, and the like. 
[0023] As a result of intensive studies on substances that inhibit the activation of NF-kB, the present inventors have 
found that benzoquinone derivatives represented by the general formula (1) or its hydroquinone forms or pharmaceuti- 
cal acceptable salts thereof potently suppress and/or inhibit the activation of NF-kB and that they inhibit the production 

75 of NO and TNF-a on the gene level, and thereby have accomplished the present invention. 

[0024] Thus, the present invention relates to NF-kB inhibitors comprising as an active ingredient a benzoquinone 
derivative represented by the following general formula (1): 



O 



20 




O 

25 

(I) 



30 wherein 

R 1f R 2 , and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an alkoxy group 
having 1 to 5 carbons; 

R 4 is a hydrogen atom, a hydroxymethyi group, an alkyl group, or a carboxyl group which is optionally esterif ied or 
35 amidated; 
Zis 



40 



45 




and, n is an integer from 0 to 6. or its hydroquinone form, or a pharmaceutical^ acceptable salts thereof, and to 
their use in the preventive or therapeutic agents for inflammatory diseases, autoimmune diseases, and viral dis- 
eases, in which they are used as suppressing agents for the gene expression of one or more substances selected 
55 from the group consisting of IL-1 , TNF-a, IL-2, IL-6, IL-8, iNOS. granulocyte colony-stimulating factor, interferon-p, 
ICAM-1, VCAM-1, ELAM-1, major histocompatibility system class I, major histocompatibility system class II, p2- 
microglobulin, immunoglobulin light chain, serum amyloid A, angiotensinogen, complement B, complement C4, c- 
myc, HIV, HTLV-t, SV40. CMV, and adenovirus. 
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[0025] The present invention also provides preventive or therapeutic agents for diseases caused by the activation 
of NF-kB comprising as an active ingredient a benzoquinone derivative represented by the general formula (1) or its 
hydroquinone form or a pharmaceutical acceptable salt thereof. 

[0026] The present invention also relates to inhibitors of TNF-a production comprising as an active ingredient a 
5 benzoquinone derivative represented by the general formula (1) or its hydroquinone form or a pharmaceutical, accept- 
able salt thereof, and to their use as the preventive or therapeutic agents for inflammatory diseases, autoimmune dis- 
eases, and viral diseases, in which they are used as suppressing agents for the gene expression of one or more 
substances selected from the group consisting of IL-1 , TNF-a, IL-2, IL-6, IL-8, iNOS, granulocyte colony-stimulating fac- 
tor, interferon-p, ICAM-1, VCAM-1, ELAM-1, plasminogen activator-inhibiting factor I, major histocompatibility system 
10 class I, major histocompatibility system class II, (^-microglobulin, immunoglobulin light chain, serum amyloid A, angi- 
otensinogen, complement B. complement C4. c-myc, HIV, HTLV-1, SV40, CMV. and adenovirus. 
[0027] The present invention also provides preventive or therapeutic agents for diseases caused by the overpro- 
duction of TNF-a comprising as an active ingredient a benzoquinone derivative represented by the general formula (1) 
or its hydroquinone form or a pharmaceutical acceptable salt thereof. 
15 [0028] The present invention also provides a benzoquinone derivative represented by the general formula (1 ) or its 
hydroquinone form or a pharmaceutical acceptable salt thereof. 

Brief Explanation of Drawings 

20 [0029] 

Figure 1 shows a result of the gel shift assay of a nuclear extract when A549 cells were stimulated with a cytokine. 
Lane 1 : no extract, lanes 2 and 3: no cytokine stimulation, lanes 4 and 5: stimulated for 4 hours with IL-1 p, and 
lanes 6 and 7: stimulated for 4 hours with CM. In lanes 3, 5, and 7, a 20-fold concentrate of DIG-free probe was 
25 added. 

Figure 2 shows that the compound obtained in Example 4 inhibits the activation of NF-kB after stimulation with CM 
as measured by a gel shift assay. 

L represents a complex of a labeled probe comprising an NF-kB binding sequence and the nuclear extract, and 
30 F shows a result of the experiment in which a non-labeled probe was added at an amount 100 times more than 

that of the labeled probe under the same condition as that of L. 

Figure 3 shows the effect of the compound obtained in Example 4 when A549/NF-kB Luc is stimulated with IL-1 or 
TNF-a. It shows the result of the experiment in which the compound obtained in Example 4 was added, and one 
35 hour later it was stimulated for 4 hours with IL-1 or TNF-a followed by the determination of the activity of the 
reporter gene. 

Figure 4 shows the effect of the compound obtained in Example 4 on the production of NO and TNF-a after stimu- 
lation with LPS using the mouse macrophage-derived RAW 264.7. 

It shows the result of the experiment in which the compound obtained in Example 4 was added to the culture 
40 medium one hour before LPS stimulation and then the NO level (A) in the culture medium 24 hours after the stim- 
ulation and the TNF-a level (B) in the culture medium 4 hours after the stimulation were determined. 
Figure 5 shows changes in the amount of mRNA of iNOS and TNF-a in the RAW264.7 cells. 

A shows the result obtained by the determination of the level of iNOS mRNA and TNF-a mRNA in the cells 6 
45 hours after the LPS stimulation. 

B shows the result of the experiment in which the compound (20 fig/ml) obtained in Example 4 was added to 
the culture medium one hour before the LPS stimulation and then the levels of iNOS mRNA and TNF-a mRNA . 
in the cells 6 hours after the stimulation were measured. 

so Figure 6 shows changes with time of the incidence of edema after the administration of a prophlogistic agent when 
compound 1 (30 mg/kg) was intraperitoneally given 2 hours; before the administration of the prophlogistic agent. 
Figure 7 shows the incidence of edema suppression 2 hows after the administration of a prophlogistic agent when 
compound 1 (30 mg/kg) and compound 2 (50 mg/kg) were Intraperitoneally given 2 hours before the administration 
of the prophlogistic agent. 

55 

Embodiment for Carrying Out the Invention 

[0030] The hydroquinone form as used herein refers to the compound that is formed by converting an oxo at posi- 
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tion 1 and/or position 4 of the benzoquinone ring of the benzoquinone derivative of the present invention to a hydroxy 
group chemically with a catalyst etc. or biochemically with an enzyme etc., or by converting with reduction in vivo, and 
that has an activity equivalent to that of the benzoquinone derivative. 

[0031 ] As the pharmaceutical^ acceptable salt, there may be mentioned, for example, a salt with an inorganic acid 
5 such as hydrochloric acid, nitric acid, sulfuric acid, phosphoric add, and hydrobromic acid, an organic acid such as 
maleic acid, fumaric acid, tartaric acid, lactic acid, citric acid, acetic acid, methanesulfonic acid, p-toluenesulfonic acid, 
adipic acid, palmitic acid, and tannic acid, an inorganic metal including an alkali metal such as lithium, sodium, and 
potassium, and an alkaline earth metal such as calcium, and magnesium, and a basic amino acid such as lysine, or a 
salt with an organic amine* such as ammonium. 
10 [0032J In the formula, R 1t R 2 . and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 car- 
bons, or an alkoxy group having 1 to 5 carbons. Preferred examples of the alkyl group include straight or branched sat- 
urated aliphatic hydrocarbon groups having 1 to 5 carbons such as methyl, ethyl, propyl, isopropyl, butyl, isobutyi, sec- 
butyl, tert-butyl. pentyl, isopentyl. neopentyl, and tert-pentyl. saturated alicyclic hydrocarbon groups such as cyclopro- 
pyl. cyclobutyl, cyclopentyl. and cyclohexyl. saturated alicyclic hydrocarbon-aliphatic hydrocarbon groups such as 
15 cyclopropylmethyl, cycltipropylethyi, and cyclobutylmethyl. and the alkoxy groups include the oxy groups of the above. 
Preferred examples of R t and R 2 include a hydrogen atom, a methyl group, and a methoxy group, and those of R 3 
include a hydrogen atom or a methyl group. 

[0033] R 4 represents a hydrogen atom, a hydroxymethyl group, an alkyl group, or a carboxyl group which is option- 
ally esterified or amidated, wherein preferred examples of the alkyl group include those mentioned above for R<\ , R 2 and 

20 R 3 , and preferred examples of the carboxyl group which is optionally esterified or amidated include: a group -COOR 5 
wherein R 5 is a hydrogen atom, an optionally substituted alkyl group having 1 to 8 carbons, an optionally substituted 
phenyl group, or an optionally substituted aralkyl group having 7 to 1 1 carbons; a group -CONR 6 R 7 wherein R 6 and R 7 
are each independently a hydrogen atom, an optionally substituted alkyl group having 1 to 8 carbons, an optionally sub- 
stituted bicyclic unsaturated or partially saturated hydrocarbon ring group having 9 to 1 1 carbons, an optionally substi- 

25 tuted heterocyclic group, an optionally substituted phenyl group, an optionally substituted aralkyl group having 7 to 10 
carbons, or a heteroaryl-Cj-Ca-alkyl group, or R$ and R 7 , together with the nitrogen atom to which they are attached, 
represent a heterocyclic group which may further contain a nitrogen, oxygen, and/or sulfur atom, and; a group - 
CONR 6 R 7 wherein Re and R 7 , together with the nitrogen atom to which they are attached, represent a 5-to 10-mem- 
bered optionally substituted, nitrogen-containing heterocyclic group which may contain, in addition to the carbon and 

.30 nitrogen atom, 1 to 3 heteroatoms selected from the group consisting of a nitrogen, oxygen, and sulfur atom, the carbon 
atom on said cyclic group being optionally a ketone form or the sulfur atom on said cyclic group being optionally an 
oxide form. 

[0034] As specific examples of the alkyl group R 5 having 1 to 8 carbons, there may be mentioned a straight or 
branched saturated aliphatic hydrocarbon group having 1 to 8 carbons such as methyl, ethyl, propyl, isopropyl, butyl, 

35 isobutyi^ sec-butyl, tert-butyl, 3-methylbutyl, pentyl, 1-ethylbutyl, isopentyl, neopentyl, tert-pentyl. 1,3-dimethylbutyl- 
hexyl. 1-methylhexyl, 3,3-dimethylbutyl, 2-ethylbutyl, 2-methylpentyl, 3-methylpentyl, hexyl, heptyl, and 1-methylheptyI; 
a saturated alicyclic hydrocarbon group such as cyclopropyi. cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and 
cyclooctyl; and a saturated alicyclic hydrocarbon-aliphatic hydrocarbon group such as cyclopropylmethyl, cyclopropyl- 
ethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexyl methyl, and cydopentylmethyl, and the like. As specific examples 

40 of an aralkyl group having 7 to 1 1 carbons, there may be mentioned benzyl, phenethyl, 1-phenylethyl. 3-phenylpropyl. 
4-phenylbutyl, 5-phenylpentyl. 1-naphthylmethyl, 2-naphthylmethyl and the like. 

[0035] The alkyl, phenyl and aralkyl groups described above may be substituted, on the chain or the ring thereof, 
with one or two substituents or substituents comprising combinations of these substituents, said substituent being 
selected from, for example, a hydroxyl group; an aldehyde group; a carboxyl group; a carbamoyl group; an amino group; 

45 a nitrile group; a cyano group; a halogen atom such as a chlorine and fluorine atom; an alkyl group having preferably 1 
to 6 carbons such as a methyl, ethyl, propyl and isopropyl group, or their halogenated or hydroxy-substituted group and 
alkoxy-alkyl group; an aryl group having preferably 6 to 10 carbons such as a phenyl and naphthyl group, or their halo- 
genated group; an aralkyl group having preferably 7 to 1 1 carbons such as a benzyl, phenethyl and 3-phenylpropyl 
group; an alkyloxy group having preferably 1 to 6 carbons such as a methoxy, ethoxy, propyloxy and butyloxy group; a 

so cyclic acetal group such as a methylenedioxy and ethylenedioxy group; an aralkyloxy having preferably 7 to 11 carbons 
such as a benzyloxy, phenethyloxy and 3-phenylpropyloxy group, and phenoxy group; an alkylcarbonyl group having 
preferably 2 to 6 carbons such as a methylcarbonyl, ethylcarbonyl and propylcarbonyl group; an arylcarbonyl group hav- 
ing preferably 7 to 1 1 carbons such as a benzoyl group; an alkyloxycarbonyl group having preferably 2 to 6 carbons 
such as a methoxycarbonyl, ethoxycarbonyl, prppyloxycarbonyl and tert-butyloxycarbonyl group; an aralkyloxycarbonyl 

55 having preferably 8 to 12 carbons such as a benzyloxycarbonyl, phenethyloxycarbonyl and 3-phenylpropyloxycarbonyl 
group, and phenoxycarbonyl group; an amino group substituted with one substituent or a combination of two substitu- 
ents that are the same or different, said substituent being selected from an alkyl group having preferably 1 to 4 carbons 
such as a methyl, ethyl, propyl and isopropyl group, an aralkyl having. preferably 7 to 11 carbons such as a benzyl, 
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phenethyl and 3-phenylpropyl group, phenyl group, an alkylcarbonyl group having preferably 2 to 6 carbons such as a 
methylcarbonyl, ethylcarbonyl and propylcarbonyl group, and an arylcarbonyl group having preferably 7 to 1 1 carbons 

b such as a benzoyl group and the like; a 5- to 10-membered monocyclic or bicyclic unsaturated, partially or fully satu- 
rated heterocyclic ring containing 1 to 3 heteroatorns selected from the group consisting of a nitrogen, oxygen and sul- 
5 fur atom, for example, pyrrole, furan, thiophene, pyran, indole, benzofuran, benzothiophene, benzopyran, pyrazole, 

r * isoxazole, isothiazole, indazole, benzoisoxazole, benzoisothiazole, imidazole, oxazole, thiazole, benzimidazole, ben- 
zoxazole, benzothiazole, pyridine, quinoline, isoquinoline, pyridazine. pyrimidine. pyrazine, cinnoline, phthalazine, 
quinazoline, quinoxaline. and a partially or fully saturated ring group thereof; a carbamoyl group having an amino group 
substituted with one substituent or a combination of two substituents that are the same or different, said substituent 
io being selected from an alkyl group having preferably 1 to 4 carbons such as a methyl, ethyl, propyl and isopropyl group, 
an aralkyl having preferably 7 to 1 1 carbons such as a benzyl, phenethyl and 3-phenylpropyl group, phenyl group, an 
alkylcarbonyl group having preferably 2 to 6 carbons such as a methylcarbonyl, ethylcarbonyl and propylcarbonyl group, 
and an arylcarbonyl group having preferably 7 to 1 1 carbons such as a benzoyl group, and the like, or a cyclic amino 
group such as a 5- to 8-membered heterocyclic ring optionally containing 1 to 3 heteroatorns selected from the group 
is consisting of a nitrogen, oxygen and sulfur atom, for example, pyrrolidine, piperidine, morpholine, thiomorpholine, and 
piperazine; and the like. 

[0036] As the optionally substituted alkyl groups having 1 to 8 carbons, the optionally substituted phenyl group and 
the optionally substituted aralkyl group having 7 to 1 1 carbons of Rs and R 7 , those described for R 5 may be mentioned. 
As specific examples of the hydrocarbon ring of a bicyclic unsaturated or partially saturated hydrocarbon ring group 

20 having 9 to 1 1 carbons, there may be mentioned indene, indan, naphthalene, 1 ,2-dihydronaphthalene. 1 ,2,3,4-tetrahy- 
dronaphthalene and the like. As specific examples of the heterocyclic ring of a heterocyclic group, there may be men- 
tioned a 5- to 10-membered monocyclic or bicyclic unsaturated, or partially or fully saturated heterocyclic ring 
containing 1 to 3 heteroatorns selected from the group consisting of a nitrogen, oxygen and sulfur atom, for example, 
pyrrole, furan, thiophene, pyran, indole, benzofuran, benzothiophene, benzopyran, pyrazole, isoxazole, isothiazole, 

25 indazole, benzoisoxazole, benzoisothiazole, imidazole, oxazole, thiazole, benzimidazole, benzoxazole, benzothiazole, 
pyridine, quinoline. isoquinoline, pyridazine, pyrimidine, pyrazine, cinnoline, phthalazine, quinazoline, quinoxaline, 
1,2,3,4-tetrahydroquinoline, 1,2,3,4-tetrahydroisoquinoline, decahydroquinoline, and the like, as well as the partially or 
fully saturated ring thereof. Examples of a heteroaryl-C 1 -C3-alkyl group include, for example, a 2-pyridylmethyl, 3-pyri- 
dylmethyl, 4-pyridylmethyl, 2-pyrimidylmethyl, 2-imidazolyimethyl, 2-pyridylethyl, 3-pyridylethyl, 4-pyridylethyl, l-(2-pyri- 

30 dyl)ethyl, 1 -(3-py ridyl)ethyl , and 1-(4-pyridyl)ethyl group, and they may also be substituted on the chain or ring thereof 
with the same substituent to those described above for R 5 . 

[0037] As preferred examples of the heterocyclic group formed by R 6 and R 7 , together with the nitrogen atom to 
which they are attached, which may further contain a nitrogen, oxygen and/or sulfur atom, or the 5- to 10-membered 
nitrogen-containing heterocyclic group formed by Re and R 7 together with the nitrogen atom to which they are attached, 
35 which may contain, in addition to a carbon and nitrogen atom, 1 to 3 heteroatorns selected from the group consisting of 
a nitrogen, oxygen and sulfur atom, there may be mentioned, for example, morpholino, thiomorpholino, pyrrolidine, pip- 
eridino, homopiperidino, piperazino, homopiperazino, and the like. 

[0038] The carbon atom on the chain or the ring may be a ketone form, or the sulfur atom may be an oxide form, or 
the carbon atom or the nitrogen atom on the chain or the ring may be substituted with substituents as described for R 5 . 
40 [0039] Z is represented by 



45 



50 




■CH=CH- 



CH=CH- CH=CH- 



and n represents an integer from 0 to 6. in a preferred example, Z is 

55 



8 



5 




CH=CH- CH=CH- 



and n is an integer 0, or Z is 

10 




15 



and n is a integer 1, 2 or 3. 

[0040] Most preferably, and R 2 are a methyl group or methoxy group; R 3 is a methyl group; R 4 is a carboxy! 
20 group which is optionally esterified or amidated; Z is 



25 




and n is an integer 1 , 2 or 3. 

[0041 ] Preferred specific compounds include the following compounds: 

30 

N-J3-[4-(5 P 6-dimethoxy-3-methyI-1 ^-benzoqutnon^-ylmethylJphenyOpropionyqmorpholine, 
N-[3-[4-(5,6<Jimethoxy-3-methyM,44>enzoo^fo^ 

N-[3-[4-(5,6<limethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethyl)phenyl]propionyl]thiomorpholine S-oxide, 
N-[3-[4-(5,6-dimethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethy1)phenyl]propionyl]thiomorpholine S-dioxkJe, 
35 N-[3-[4-(5,6<limethoxy-3-methyl^ 

N-[3-[4-(5,6<Jimethoxy-3-methyl-1,443enzoqu^ 
N-[3-[4-(5,6<iimethoxy-3-methyl-1^^ 

N-[3-[4-(5,6-dimethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethyl)phenyl]propionyl]ethanolamine, 
N-[3-[4«(5,6<limethoxy-3-methyM,^^ 
40 N-[3-[4-(5,6<Jimethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethyl)phenyl]propionyl]phenethyfamine. 
N-[3-[4-(5,6<limetho)cy-3-methyl-1 P 44>enzo^ 

N-[3-[4-(5,64imethoxy-3-meW 
N-[3-[4-(5,6<fimethoxy-3-metr^ 
N-[3-[4-(5,6<limethoxy-3-methyM 
45 N-[3-[4-(5,6<Jimethoxy-3-methyl-1,4*enzc^ 
N-[3-[4-(5,6Kiimethoxy-3-methyl-1,44D^^ 

N-[3-[4-(5,6-dimethoxy-3-methyl- 1 ,4«benzoquinon-2-ylmethyl)phenyI)acry loyljbenzylamine. 

N-[3-[4-(5,6HjimethoxyT3-methyl-1,4^enzoquinon-2-ylmethyl)pheny]acryto^ 

S-^^S.e^imethoxy-S-methyl-l^^enzoquinon^^lmethyl^henyOpropionicacid, 
so 3-[4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]acrylic acid, 

2,3-dimethoxy-B-benzyl-5rmethyl-1 ,4-benzoquinone, 

3-[4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyIJpropanol, 

3-[3-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]propionic acid ethylester, 

3-[3-(3,5,6-trimethyl-1,4-benzoquinon-2-ylmethyl)phenyl]acrylicacid, 
55 3-[3-(3,5,6-trimethyl-1 p 4-benzoqu*mon-2-ylmethyl)phenyl]propionic acid, 

3-[3-(3.5,6-trimethyl-1 ,4-benzoqu'mon-2-ylmethyl]phenyl]propionic acid ethylester, 

N-p-[3-(3,5,6-trimethyM^ 1-[3-[3-(3,5,6-trimethyl-1,4-ben- 
zoquinon-2-ylmethyl)phenyl]propionyl]-4-methylpiperazine, 
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4-[3-(3,5,6-trimethyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]-n-butyrjc acid, . 
3-[3-(5,6<ilmethoxy-3-methyl-1,443en2oquinon-2-ylmethyl)phenyl]propionic acid, 
3-[4-(3,5,6-trimethyl-1 ,4-benzoquinon-2-ylmethyl)phenyI]acry!ic acid, 
3-[4-(3,5,6-trimethyl-1 ,4-benzoquinon-2-ylmethyi)phenyl]acrylic acid ethy tester, 

3- t4-(3 P 5,6-trimethyl-1,4-benzcquinon-2-yimethyl)phenyl]propionicacid, 

4- [4-(3,5,6-trimethyi-1,4-benzcquinon-2-ytmethyl)phenyl]-n-butyric acid, 
N-p-p-(5,6<iimethoxy-3-methyM,4-benzc^^ 
N-p-p-(5,6<Jimethoxy-3-methyl-1,4-benzoqum^ 
N-[3-[3-(5,6<Jimethoxy-3-methyl-1,4-^ 
N-p-p-(5,6<Jimethoxy-3-methyl-1,44>enzc^^ 

3-p-(5,6<limethoxy-3-methyl-1.4^era^ acid, 
N-p-[3-(5,6Kiimethoxy-3-methy!-1,4^enzc^^ 

N-p-[3-(5 f 6KJimethoxy-3-methyM,44>en . 

N-p-[3-(5,6<Jimethoxy-3-methyl-1,44>enzc^^ 

N-P-[3-(5,6<iimethoxy-3-methyM,4^en^^ 

N-[3-[4-(3.5,6-trimethyi-1,4-benzcquinon-2-ylmethyl)phenyGpropionyl]isopropyfe 
N-p-[4-(3,5,6-trimetW-1,4-benzcquino^ 

N-[3-[4-(3 f 5,6-trimethyl-1,4-benzc<iuinon-2-yfmethy))phenyl]propionyl]mor 
N-[3-[3-(3 > 5 l 6-trimethyl-1,4-benz(X|uinon-2-ylmethyl)pheny0propiony^ 
N-[3-[3-(3,5,6-trimethyl-1,4-benzcquinon-2-y!methyl)pheny0propipnyl]p'p 
3-[2-(5,6<iimethoxy-3-methyI-1 ,4-benzoquinon-2-ylmethyl)phenyl]acryiic acid, 
N-p-[2-(5,6KJimethoxy-3-methyl-1^ 

3- [2-(5,6-dimethoxy-3-methyl- 1 ,4-benzcquinon-2-ylmelhyi)phenyl]propionic acid, 
N-[3-[2-(5,6-dimethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethy!)phenyl]propionyl]piperidine l 
N-[3-[2-(5,6^imethoxy-3-methyl-t 

N-[3-[2-(5,6<iimethoxy-3-metty^^ 

N-p-[2-(5,6-dimethoxy-3-fnethyl- 1 ,4-benzcquinon-2-ylmethyi)phenyl]propiony0isopropylamine. 

N-p^4-(5,6<i!methoxy-3-metriyM,44)en^ 

N-p-^-fS.e^Hmethoxy-S-methyM^^enzc^ 

N-p-[4-(5,6KJimethoxy-3-methyl-1,4^ 

N-p-[4-(5,6<Jimethoxy-3-methyl-1,4-benzo^ 

N-p-[4^5,6KJimethoxy-3-methyl-1,4-benzo^ 

N-p^4^5,6<Hmethoxy-3-methyl-1,4-benzcqw^ 

N-p-[4-(5,6Tdimethoxy-3-methyM,4-ben^ 

N-p-[4-(5 f 6<limethoxy-3-methyl-1,44)enzcquinon-2-ylmethyl)pheny0propi 
N-P44-(5,6<limethoxy-3-methyl-1 > 44>enzoquinon-2-ylmethyl)pheny0p 

N-p-[4-(5,6<limethoxy-3-me%M,4-benzc^ acid ethylester, 

N-p-[4-(5,6<iimethoxy-3-methyl-1,4^enzc^ 

4- [3-[4-(5,6KJimethcocy-3-methyl-1,44)enzc<|uinon-2-yImethyl)phen 
N-p-[4-(5,6<nmethoxy-3-methyl-1,44>enz^ 
N-p^4-(5,6<limethoxy-3-mett^ 
N-p-[4-(5.6^imethoxy-3-metW^ 
N-p-[4-(5,6^imethoxy-3-methyl-1,4-ben^^ 

N-p-[4-(5,6-dimethoxy-3-methyl- 1 ^^enzoquinon^-ylmethylJphenyOpropionylJcycloheptylamine, 

N-p-[4-(5,6-dimethoxy-3-methyl- 1 ^^enzcquinon^-ylmethylJphenyQpropionyO-S.S^Iimethylpiperidine, 

1 -[3-[4-(5,6-dimethoxy-3-methyl-1 ,4^enzcquinon-2-ylmetryl)phenyl]p^ 

1 -[3-[4-(5,6<limethoxy-3-methyl-1 ,44)enzcquinOT-2-ylmetlvl)phe^^ 

1-[3-(4-(5,6Kiimethoxy-3-methyl-1,4^ 

1-[3-[4-(5,6Kiimethoxy-3-methyM,^^ 

ridine, 

1-p-[4-(5,6<limethaxy-3-methyl-T,4^era^ 

N-p-[4-(5,6^imethoxy-3-methyM,44)en^ 

soquinoiine, 

4-acetyl-4^henyl-1-p-[4-(5,6HJimethoxy-3-methyl-1,4-benzcquinon-2-ylm 
N-p-[4-(5,6<Jimethoxy-3-methyl-1,4-ben^ 

N-p-[4-(5,6<iimethoxy-3-methyl-1,44)enzcxiuinon-2-ylmethyl)phenyOpro^ 

N-[3-[4-(5,6<iimethoxy-3-methyM,4-ben^ 

N-p-[4-(5,6KJimethoxy-3-methyl-1,44)enzc^^ 
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4-(5,6-dimethoxy-3-methyM ,4-benzoquinon-2-ylmethyl)benzoic acid. 
N-[4-(5,6Kiimethoxy-3-methyl-1,4-benzoquinori-2-ylmelhyl)ben2oyl]morpholine f 
N«[4-(5,6-dimethoxy-3-methyM,4-benzoquinon-2«^ 
N-[4-(5,6-dimethoxy-3-methy!-1,4-benzoquinon-2-ylniethyl)benzoyl]piperidine, 
5 N-[4-(5,6-djmethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoy0thiomorphoH 

3- (5,6-dimethoxy-3-methyM ,4-benzoquinon-2-ylmethyl)benzoic acid, 
N-[3-(5,6<limethoxy-3-methyl- 1 ,4-benzo^^ 

N-fS^S.S-dimethoxy-S-methyl-l^-benzc^uinon-S-ylmethylJpiperidine, 
N-[3-(5,6-dimethoxy-3-methyl-1,4-benzc^uinon-2-ylmelhyl)morpholine, 
10 N-[3-(5,6<limethoxy-3~methyl-1,4-benzoquin^ 

4- [4-(5,6<iimethoxy-3-methyl-1,4-benzoquinon^ acid, 
N-[4-[4-(5,6<Jimethoxy-3-methyl-1,4^enzoquta^ 
N-[4-[4-(5,6Htfmethoxy-3-rrrethyl-1,4-benzoqu^ 
N-[4^4-(5.6<limethoxy-3-methyM 

15 N-(4-[4-(5,6<Jimethoxy-3-methyL^ 

4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyIacetic acid, 
N-[4-(5,6KJimethoxy-3-methyl-1 ( 4-b^ 

N-[4-(5,6<Jimethoxy-3-methyl-1,4-benzoquinon-2-yimethy0phenylacetyQpp 
N-[4-(5,6<limethoxy-3-metriyl-1,4-benzoquin^ 
20 N^4-(5,6-dimethoxy-3-methyl-^ 

3- (5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-yImethyl)phenylacetic acid, 
N43-(5,6-dimethoxy-3-methyI-1,4-benzoquinon-2-ylme%l)phenylacetyl]^ 
N-[3-(5,6-dimethoxy-3-methyM ,4^ 
N-p-fS^imethoxy^-methyM^-benzoquinon^ 

25 N-p-fS.e^iimethoxy-S-methyl-M-benzoquinon^ 

4- [3-(5,6KJimethO)cy-3-mettyl-1,4-benzoqu^ 
N-[4-[3-(5,6<Jimethoxy-3-methyM,4^enz 

N-[4-[3-(5,6-dimethoxy-3-methyl- 1 ,4-t>enzoquinon-2-y Imethyl)pheny0butanoyl]thiomorpholine, 
N-[4-[3-(5,6<iimethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethyl)phenyl]butanoyl]morpholine, and 
30 N-[4-[3-(5,6-dimethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethyl)phenyl]biitanoyI]isopropylamine. 

[0042] The benzoquinone derivative of the general formula (1) that is used as an active ingredient of the present 
invention may be prepared according to the method described in Japanese Unexamined Patent Publication (Kokai) No. 
62(1987)-286949 or Chem. Pharm. Bull., 44(1): 139-144 (1996) or a method based thereupon. 
35 [0043] Also, in the general formula (1 ) a benzoquinone derivative wherein R 1 and R 2 are a hydrogen atom, a methyl 
group or a methoxy group; R 3 is a hydrogen atom or a methyl group; R 4 is a carboxyl group which is optionally esterif ied 
or amidated; 2 is 



40 



45 




CH=CH- CH=CH- 



and, n is represented by an integer from 0 or 2, may also be prepared according to the following synthetic pro- 
cedure. 

55 Method 1 . 

[0044] An aldehyde represented by the general formula (II): 
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OR a 
(n) 

wherein R 1 , R 2 , and R 3 are as defined above, and R 8 represents an alkyl group having 1 to 5 carbons is allowed to react 
with a Grignard reagent of a halide represented by the general formula (III): 



15 



20 



25 




M R9 



(m) 



wherein X represents a bromine or a chlorine atom and R 9 represents a group: 



30 



n — 1 



-< 



") — \^ 



to obtain a compound represented by the general formula (IV): 



35 



40 




OR 8 OH 



7j Rg 



45 



(IV) 



wherein R 1 , R 2 , R3, Rs and R 9 are as defined above. . 

[0045] Compound (IV) is allowed to react with acetic anhydride in the presence of, for example, a base such as pyri- 
dine and 4-dimethylaminopyridine to prepare an acetylated compound, which is then subjected to a deacetal reaction 
50 in an acetone solution in the presence of an acid such as p-toluenesulfonic acid or camphorsulfbnic acid to prepare an 
aldehyde represented by the general formula (V): 



55 



12 



5 




OR 5 OAc 



(V) 



wherein R 1( R 2 , R3 and R 8 are as defined above). The aldehyde is allowed to react with a Wittig reagent of triethyl 
75 phosphonoacetate, which is further reduced with a reducing agent such as triethylsilane in the presence of an acidic 
catalyst such as trimethylsilyl trif luoromethanesulfonate (hereinafter referred to as TMSOTf) to yield a compound rep- 
resented by the general formula (VI): 



20 




(VI) 

30 

wherein R-j, R 2 , R 3 and R 8 are as defined above. 

[0046] Compound (VI) is hydrolyzed or is further esterif ied or amidated in a conventional method to prepare a com- 
pound represented by the general formula (VII): 




(VK) 

45 

wherein R 1( R 2 , R3 and Rb are as defined above, and Ri 0 represents a carboxyl group which is optionally esterif ied or 
amidated. 

[0047] The compound (VII) is then oxidized with eerie ammonium nitrate (hereinafter referred to as CAN) to yield 
the compound of the present invention represented by the general formula (la): 



55 



13 




EP1 008346 A1 



5 




wherein R 1( R 2 , R 3 and R 10 are as defined above. Using the compound of formula (la) wherein R 10 is a carboxyl group, 
an ester or an amide derivative may be obtained by a conventionally used esterification or amidation reaction, respec- 
15 tively. 

Method 2. 

[0048] The compound represented by the general formula (VI) obtained in the above method is subjected to a oat- 
20 alytic hydrogenation and then is hydrolyzed or is further esterified or amidated in a conventional method to prepare a 
compound represented by the general formula (VIII): 



25 




30 

(VI) 



wherein R lf R 2 , R 3i R 8 and R 10 are as defined above. 
35 [0049] Subsequently, compound (VIII) can be oxidized with CAN to yield the compound of the present invention 
represented by the general formula (lb): 



O 



40 




wherein R lp R 2 , R 3 and R 10 are as defined above. 

[0050] The compound of formula (lb) wherein R 10 is a carboxyl group may be converted to an ester or an amide 
so derivative through a conventional procedure of esterification or amidation, respectively. 

[0051] A benzoquinone derivative of the general formula (I) wherein R t and R 2 are a hydrogen atom, a methyl 
group or a methoxy group; R 3 is a hydrogen atom or a methyl group; R 4 is a carboxyl group which is optionally esterified 
or amidated; Z is 

55 
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\ 4 



10 



and n is an integer 0 may also be prepared by the following synthetic procedure. 

[0052] An aldehyde obtained in the above method represented by the genera! formula (V): 



15 



20 




-CHO 



OR 8 OAc 



25 



30 



35 



(V) 



wherein R 1p R 2 , R 3 and R 8 are as defined above, is oxidized using an oxidizing agent such as potassium permanga- 
nate, silver oxide, activated manganese dioxide and pyridinium dichromate, preferably silver oxide in an aqueous solu- 
tion of sodium hydroxide to prepare a carboxylic acid represented by the general formula (IX): 



COOH 




OR a OH 



40 



45 



(K) 



wherein R 1( R 2 . R3 and R 8 are as defined above. 

[0053] The carboxylic acid is reduced using a reducing agent such as triethylsilane in the presence of an acidic cat- 
alyst such as TMSOTf to yield a compound represented by the general formula (X): 



COOH 



so 




55 



(X) 

wherein R v R 2 , R 3 and R 8 are as defined above. 

[0054] Compound (X) may be further esterif ied or amidated to prepare a compound represented by the general for- 
mula (XI): 



15 
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5 




OR 8 



(XI) 



wherein R 1 , R 2 , R3 and R 8 are as defined above, and R 10 is a carboxy! group which is optionally esterif ied or amidated. 
[0055] Subsequently, compound (XI) can be oxidized with CAN to yield the compound of the present invention rep- 
15 resented by the general formula (Ic): 



0 



20 




0 



25 

(Ic) 



wherein R lf R 2 , R3 and R 10 are as defined above. The compound of formula (Ic) wherein R 10 is a carboxyl group may 
30 be converted to an ester or an amide derivative through a conventional procedure of esterif ication or amidation, respec- 
tively. 

Method 4. 

35 [0056] An aldehyde represented by the general formula (II): 



40 




wherein R 1f R 2 , R3 and R 8 are as defined above, and an iodobenzoic acid ester represented by the general formula 
(XII): 

50 




55 

(XD) 
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wherein R n represents an alkyl group such as a methyl group and an ethyl group, may be reacted in the presence of 
zinc chloride and an alkyllithium reagent such as methyllithium, n-butyl lithium, or t-butyl lithium to prepare an ester rep- 
resented by the general formula (XIII); 




10 OR a * 



_<xm) 

wherein R 1t R 2 , R3, Rs and R-n are as defined above. 

[0057] The ester is reduced in a method similar to the one described above and then hydrolyzed or is further ester- 
ified or amidated in a conventionally used method, to prepare a compound represented by the general formula (XI): 



25 




(XI) 

30 

wherein R 1( R 2 , R3 and Rg are as defined above, and Rjo is a carboxyl group which is optionally esterified or amidated. 
[0058] Subsequently, compound (XI) can be oxidized with CAN to yield the compound of the present invention rep- 
resented by the general formula (Ic): 

35 O 




(Ic) 



wherein R 1( R 2 , R3 and R10 are as defined above. The compound of formula (IC) wherein R 10 is a carboxyl group may 
be converted to an ester or an amide derivative through a conventional procedure of esterif ication or amidation, respec- 
tively. 

so [0059] A benzoquinone derivative of the general formula (I) wherein R 1 and R 2 are a hydrogen atom, a methyl or a 
methoxy group; R 3 is a hydrogen atom or a methyl group; R 4 is a carboxyl group which is optionally esterified or ami- 
dated; Z is 
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5 




and n is an integer 1 or 3, may also be prepared by the following synthetic procedure. 

10 

Method 5 - 

[0060] A carboxylic acid obtained in the above method represented by the general formula (XIV): 



15 




(CH^-COOH 



20 OR 8 



(XIV) 

25 

wherein R lf R 2 , R 3 and R 8 are as defined above and m is an integer 0 or 2, is reacted with oxalyl chloride or thionyl 
chloride to prepare an add chloride, which is then reacted with an excess of diazomethane to convert to the corre- 
sponding diazomethyl ketone. The diazomethyl ketone can be then subjected to Wolff rearrangement reaction in the 
presence of silver oxide or a silver salt catalyst such as silver acetate to yield a carboxylic acid derivative represented 
30 by the general formula (XV): 




(XV) 



wherein R 1f R 2 , R 3 and R 8 are as defined above and m is an integer 0 or 2, R 10 is a carboxyi group which is optionally 
45 esterified or amidated, said derivative having a carbon chain increased by one carbon. Through this rearrangement 
reaction, carboxylic adds, esters, and amides can be synthesized using water, alcohols, and amines as reaction sol- 
vent respectively. 

[0061 ] Subsequently, compound (XV) can be oxidized with CAN to yield the compound of the present invention rep- 
resented by the general formula (Id): 

50 . 



55 
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Tj (CH 2 )( m -M)— Rio 



10 



(Id) 



wherein R 1# R 2 , R3, R10 and m are as defined above. The compound of formula (Id) wherein R 10 is a carboxyl group 
75 may be converted to an ester or an amide derivative through a conventional procedure of esterification or amidation, 
respectively. 

Methods. 

20 [0062] In stead of the compound represented by the above general formula (XIV), a carboxylic acid represented by 
the general formula (XVI): 



25 




-(CH 2 ) m -COOH 



30 

(XVI) 



35 wherein R 1 , R 2 , R3 and m are as defined above may be used as a starting material and treated as in Method 5 to pro- 
duce a carboxylic acid derivative represented by the general formula (Id) having an increased number of carbon. 
[0063] Using the above method 5 or 6, it is possible to prepare benzoquinone derivatives having a further extended 
methylene chain wherein m is represented by an integer 4, 5 or 6. 

[0064] Compound (I) of the present invention thus obtained can be converted to various salts mentioned above, as 
40 desired, and can be purified by means of recrystallization, column chromatography, and the like. 

[0065] Furthermore, some of the compounds (I) of the present invention have an asymmetric center, and these 
optical isomers are encompassed by the present invention and can be obtained from mixture of racemic compounds as 
single optically active isomers through separation with various means. Exemplary methods used include: 

45 (1) separation with an optically active column; 

(2) conversion into salts using an optically active acid, followed by separation via recrystallization; 

(3) separation by enzymatic reactions; and 

(4) separation by combinations of the above (1 ) to (3). 

50 [0066] Since the compounds as claimed in the present invention represented by the general formula (I) can inhibit 
the activation of NF-kB, they are useful as preventive and therapeutic agents for diseases caused by the activation of 
NF-kB, for example diseases caused by the excessive production of inflammatory mediators and viral propagation. 
Specifically, they are useful as therapeutic and preventive agents for diseases caused by the excessive production of 
NO and/or TNF-a, including for example septic shock, osteoarthritis, rheumatoid arthritis, cachexia, multiple organ fail- 

55 ure, inflammatory bowel diseases, malaria, acquired immune deficiency syndrome, human T-cell leukemia, meningitis, 
hepatitis, type . II diabetes, multiple sclerosis, Behcet disease, systemic lupus erythematosus, ischemic heart disease, 
Alzheimer's disease, and the like. 

[0067] When the compounds of the present invention are used as the above-mentioned pharmaceutical composi- 
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tions, they may be used orally in the form of tablets, capsules, elixirs, microcapsules, and the like, or parenterally in the 
form of injections and the like such as solutions or suspensions with water or other pharmaceutical! y acceptable liquids. 
For example, they can be prepared by mixing the invention compound with pharmaceutical^ acceptable carriers, fla- 
voring agents, excipients, stabilizers, and the like in a commonly recognized form. Additives that can be blended into 
5 tablets etc. include, for example, binders such as gelatin, swelling agents such as com starch, excipients such as crys- 
talline cellulose, lubricants such as magnesium stearate, and the like. When formulated into capsules, the above com- 
positions may further include liquid carriers. Aseptic compositions for injection can also be formulated in the 
conventional manner. 

[0068] As aqueous solutions for injection, there may be mentioned isotonic solution that contain glucose etc., and 
w they may be used in combination with suitable solubiiizer such as polyethyleneglycol. Buffers, stabilizers, preservatives, 
antioxidants, soothing agents, and the like may also be blended. The pharmaceutical preparations thus obtained can 
be administered to mammals including humans. Though the dosage varies depending on the pathologic state etc. the 
daily dose per human adult is generally about 0.01 to 1 00 mg , preferably about 0. 1 to 50 mg , and more preferably about 
1 .0 to 25 mg in oral. When they are given parenterally. the daily dose per human adult is generally intravenously adrrrin- 
15 istered at amounts about 0.001 to 50 mg, preferably about 0.01 to 25 mg. more preferably about 0.1 to 1 0 mg. 

[0069] The effect of NF-kB inhibition can be examined by detecting the expression of genes regulated by the acti- 
vation of NF-kB, or by determining directly or indirectly the amount expressed of proteins encoded by the genes. 
[0070] The effect of suppressing the excessive expression of inflammatory proteins may be examined, as shown in 
the results of Experimental Example 3, by stimulating cells or individual animals with a cytokine such as IL-1 and TNF- 
20 a and a lipopolysaccharide, and then determining directly or indirectly the amount of inflammatory proteins that may be 
increased in the culture medium or the body fluid. 

[0071 ] Also, methods of confirming in vivo the general anti inflammatory effects comprise determining the effect of 
suppressing edema produced using carrageenin as a prophlogistic agent. It has already been reported that the inhibi- 
tion of NO and TNF-a production are effective in this model (Filion, M. C. and Phillips, N. C. (1997) Br. J. Pharmacol. 
25 122: 551-557; Tsao, P. W, Suzuki, T, Totsuka, R., Murata T, Takagi, T, Ohmachi, Y, Fujimura, H. and Takata, I. (1997) 
Clin. Immunol. Immunopathol. 83: 173-178; Cuzzocrea. S., Zingarelli, B., Hake, P., Salzman, A. L and Szabo, C. (1998) 
Free Radic. Biol. Med. 24: 450-459). Furthermore, for specific diseases the efficacy as a therapeutic agent for sepsis 
can be evaluated by administering a lipopolysaccharide to animals such as mice and then determining the survival ratio 
of the animals. 

30 [0072] The efficacy as a therapeutic agent for rheumatoid arthritis can also be evaluated in animal models of arthri- 
tis using adjuvants. When model animals of myocardial infarction are used, DNA having the decoy sequence of NF-kB 
is shown to suppress the lesion of the infarction (Sawa, Y, Morishrta, R., Suzuki, K. f KagisaW, K., Kaneda, Y, Maeda, 
K. f Kadoba, K. and Matsuda, H. (1997) Circulation 96: il-280-284; discussion li-285). and thereby such model animals 
are also suitable for investigating the efficacy of therapeutic agents for ischemic heart diseases. 

35 [0073] Thus the efficacy of NF-kB inhibitors having an activity of inhibiting the production of NO and TNF-a as ther- 
apeutic agents can be confirmed using known animal models that can be prepared by a person skilled in the art. 

Examples 

40 [0074] The present invention is now explained in more detail with reference to the following examples and experi- 
mental examples. However, it should be noted that the present invention is not limited by them in any way. 

Example 1. 3-f4-(5.6^imethoxv-3-methyH.4-bere acid 

45 Step 1 . 2-(4-rhvdroxv-(2.3.4.5-tetramethoxv-6-methvlDhenvl)methvnDhenvl)-1 .3-dioxolane 

[0075] To an ice-cold solution of 2,3,4,5-tetramethoxy-6-methylbenzaldehyde (5.03 g, 20.94 mmol) in THF (200 ml) 
was added dropwise a Grignard reagent prepared from 2-(4-bromophenyi)-1 ,3-dioxolane (1 2.0 g, 52.4 mmol) and mag- 
nesium (1.40 g, 57.6 mmol), and then stirred at room temperature for 4 hours. The reaction mixture was poured into 
so water and was extracted with ether. After the extract was washed with water and dried, and then the solvent was distilled 
off. The residue was purified by a silica gel column chromatography (hexane : ethyl acetate = 3 : 1 ) to yield the title com- 
pound (7.80 g, 20.0 mmol, yield 96%). 

Step 2. 4-facetoxv-(2.3.4.5-tetramethoxy-6-methvlDhenvl)methvl1benzaldehvde 

55 

[0076] The compound (7.80 g, 20.0 mmol) obtained in Step 1 was dissolved in methylene chloride (300 ml), and 
then acetic anhydride (6.12 g. 60.0 mmol). pyridine (4.74 g, 59.9 mmd), and 4-dimethylaminopyridine (1.22 g, 10.0 
mmol) were added thereto, which was then stirred at room temperature for 1 6 hours. 
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[0077] After the reaction mixture was washed with a 5% aqueous solution of hydrochloric acid and saturated saline, 
it was dried and the solvent was distilled off. The residue and p-toluenesulfonic acid monohydrate (200 mg) were dis- 
solved in acetone (300 ml), which was stirred at room temperature for 6 hours. After the reaction mixture was concen- 
trated under reduced pressure, water and ether were added for extraction. The extract was washed with water, dried, 
5 and then the solvent was distilled off. The residue was purified by a silica gel column chromatography (hexane : ethyl 
acetate = 3 : 1) to yield the title compound (3.97 g, 10.2 mmol, yield 51%). 

Step 3. 3-f4"[acetoxv-(2.3.4.5-tetramethoxv-6-methvlDhenyl)methyl]phenvl)acrvlic acid ethvlester 

10 [0078] Triethyl phosphonoacetate (1 .70 g, 7.58 mmol) was dissolved in THF (150 ml) and sodium hydride (303 mg, 
60%, 7.58 mmol) was added at room temperature and then the mixture was stirred for 40 minutes. To the reaction mix- 
ture was added dropwise under ice-cooling a solution of the compound (2.26 g. 5.82 mmoJ) obtained in Step 2 in THF 
(50 ml) and the mixture was stirred at room temperature for 16 hours. The reaction mixture was poured into water and 
extracted with ether. The extract was washed with water, dried, and then the solvent was distilled off. TTie residue was 

15 purified by a silica gel column chromatography (hexane : ethyl acetate = 3:1) to yield the title compound (2.37 g, 5.17 
mmol. yield 89%). 

Step 4. 3-[4-(2.3.4.5-tetramethoxv-6-methvlbenzvnphenvnacrylic acid ethylester 

20 [0079] To a solution of triethylsilane (720 mg, 6.21 mmol) and trimethylsilyl trif luoromethanesulfonate (TMSOTf) in 
methylene chloride (250 ml) was added dropwise a solution of the compound (2.37 g, 5.17 mmol) obtained in Step 3 in 
methylene chloride (50 ml) and the mixture was stirred at room temperature for 30 minutes. The reaction mixture was 
washed with water, dried, and then the solvent was distilled off. The residue was purified by a silica gel column chroma- 
tography (hexane : ethyl acetate = 4 : 1) to yield the title compound (1.90 g, 4.74 mmol, yield 92%). 

25 • • 

Step 5. 344-(2.3.4.5-tetramethoxv-6-methvlben2vnphenvl]Dropionic acid ethvlester 

[0080] The compound (1 .07 g, 2.67 mmol) obtained in step 4 was dissolved in ethanol (100 ml) and 5% Pd-carbon 
(200 mg) was added thereto, which was then stirred under a stream of hydrogen at room temperature for 16 hours. The 
30 reaction mixture was filtered and the filtrate was concentrated to yield the title compound (914 mg, 2.27 mmol, yield 
85%). 

Step 6. 3-[4-(2.3 t 4.5-tetramethoxy-6-methylbenzyl)pheny r |propionic acid 

35 [0081] The compound (914 mg, 2.27 mmol) obtained in Step 5 was dissolved in a mixture of an aqueous solution 
of 2 N sodium hydroxide (30 ml) and 1 ,4-dioxane (1 5 ml) and the mixture was stirred at 70°C for 3 hours. The reaction 
mixture was acidified by adding concentrated hydrochloric acid and then was extracted with ethyl acetate. The extract 
was washed with water, dried, and then the solvent was distilled off to yield the title compound (731 mg, 1.95 mmol, 
yield 86%). 

40 

Step 7. 3^4-(5.6-dimethoxy-3-methyl-1,4-ben2oquinon-2-vlmethvl)phenvl1propionic acid 

[0082] The compound (1 .00 g, 2.67 mmol) obtained in Step 6 was dissolved in a mixture of acetonjtrile (30 ml) and 
water (10 ml), to which was added CAN (eerie ammonium nitrate) (2.34 g, 4.27 mmol) and the mixture was stirred at 
45 room temperature for 30 minutes. The reaction mixture was poured into water and was extracted with ether. After the 
extract was washed with water and dried, the solvent was distilled off. The residue was purified by a silica gel column 
chromatography (5% methanol-methylene chloride) and then was crystallized in ethanol/hexane to yield the title com- 
pound (662 mg, 1.92 mmol, yield 72%). 

so Example 2. 3-[4-(5.6-dimethoxv-3-methvM ,4-benzoQuinon-2-vlmethvl)phenyl1acrvlic acid 

Step 1. 3-f4-f2.3.4.5-tetramethoxv-6-methvlbenzvl)phenvnacrvlic acid 

[0083] The compound (1 .35 g, 3.36 mmol) obtained in Step 4 of Example 1 was dissolved in a mixture of an aque- 
55 ous solution of 2 N sodium hydroxide (30 ml) and 1 ,4-dioxane (15 ml), and the mixture was stirred at 70°C for 3 hours. 
The reaction mixture was acidified by adding concentrated hydrochloric acid and then was extracted with ethyl acetate. 
The extract was washed with water, dried, and then the solvent was distilled off to yield the title compound (1 .20 g, 3.23 
mmol, yield 96%). 
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Step 2. 3'[4"f5.6-dimethoxv-3-methvl'1.4-benzoQuinon>2-vlmethvnphenvilacrvlic acid 

[0084] The compound (589 mg, 1 .58 mmol) obtained in Step 1 was dissolved in a mixture of acetonitrile (30 ml) and 
water ( 1 0 ml), to which was added CAN ( 1 .38 g, 2.52 mmol) and the mixture was stirred at room temperature for 1 hour. 
5 The reaction mixture was poured into water and was extracted with ether. After the extract was washed with water and 
dried, the solvent was distilled off. The residue was purified by a silica gel column chromatography (5% methanol-meth- 
ylene chloride) to yield the title compound (452 mg, 1.32 mmol, yield 84%). 

Example 3. N-f3-f4-(5.6<Jimethoxv-3-methvl-1 .4-ben20ouinon'2-vlmethvl)phenvnproDionvl1morpholine 

io 

[0085] To a solution of 3-[4-(5,6Hdimethoxy-3-methyl-1,445enzoquinon-2-ylmethyl)pheny0propionic acid (100 mg, 
0.29 mmol) obtained in Example 1 and morpholine (30 mg, 0.35 mmol) in methylene chloride (10 ml) was added 1- 
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (84 mg, 0.44 mmol) and the mixture was stirred at room 
temperature for 3 hours. The reaction mixture was concentrated under reduced pressure and was purified by a middle- 
is pressure column chromatography using silica gel (hexane : ethyl acetate = 1 : 2). 

[0086] The yellow powder thus obtained was crystallized from methylene chloride-diethylether to yield the title com- 
pound (89 mg, 0.22 mmol, yield 74%) as a yellow crystal. 

Example 4. N-f3-[4-(5.6HJimethoxv-3-methvH .4-benzoauinon-2-vlmethvl)phenvnpropionvnthiomorpholine 

20 

[0087] To a solution of 3-[4-(5,6-dimethoxy-3-methyl-1,4-berizoquino^^ acid (27 mg, 

0.078 mmol) obtained in Example 1 and ethyl chlorocarbonate (15 mg, 0.139 mmol) in THF (10 ml) was added triethyl- 
amine (14 mg, 0.139 mmol) at -10°C followed by stirring for 30 minutes, and then thiomorpholine (20 mg, 0.194 mmol) 
was added thereto followed by stirring at room temperature for 1 hour. The reaction mixture was diluted with water and 
25 extracted with ether. The extract was washed with water, dried, and then the solvent was distilled off. The resulting res- 
idue was purified by a middle-pressure column chromatography using silica gel (hexane : ethyl acetate = 1:1). The yel- 
low powder thus obtained was crystallized from methylene chloride-diethylether to yield the title compound (26 mg, 
0.061 mmol, yield 77%) as a yellow crystal. 

30 Examples 5 and 6. N-f3-r4-f5.6<iimethoxv-3-metrnfl-1.44)enzc<iuinon-2-vlmethvl)phenyn propionvnthiomorphoiine S- 
oxide (Example 5) and N-r3-r4-(5.6-dimethcttv-3-me^ thiomorpholine 
S-dioxide (Example 6) 

[0088] To a solution of the compound (200 mg. 0.47 mmol) obtained in Example 4 in methylene chloride (50 ml) 
35 was added m-chloroperbenzoic acid (121 mg, 0.70 mmol) and the mixture was stirred at room temperature for 5 hours. 
The reaction mixture was washed with water, dried, and then concentrated under reduced pressure. The crude product 
thus obtained was purified by a silica gel column chromatography (5% methanol-methylene chloride) to yield the com- 
pound (60 mg, yield 28%) of Example 5 and the compound (50 mg, yield 24%) of Example 6. 

40 Examples 7 to 20. 

[0089] According to the method of Example 3. the compounds of Examples 7 to 20 were synthesized. 
(Example 7) 

45 

N-[3-[4-f5.6^imethow-3-ma 

[0090] 3-[4-(5.6-dimethoxy-3-methy1-1^ acid (200 mg, 0.58 mmol) 

obtained in Example 1 and piperidine (64 mg, 0.75 mmol) were used, and a method similar to that described in Example 
so 3 was employed to obtain the title compound (1 1 8 mg, 0.79 mmol, yield 50%). 

(Example 8) 

N-r3-r4-(5.6-dimethoxv-3-me^ 

55 •' 

[0091] 3-[4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (200 mg, 0.58 mmol) 
obtained in Example 1 and dimethylamine hydrochloride (62 mg, 0.75 mmol) and triethylamine (76 mg, 0.75 mmol) 
were used, and a method similar to that described in Example 3 was employed to obtain the title compound (38 mg, 
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0.10 mmol, yield 18%). 

(Example 9) 

5 N-r344-(5.6^imethoxv-3-methvl-1.4-ben 

[0092] 3-[4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-y^ acid (200 mg, 0.58 mmol) 

obtained in Example 1 and isopropylamine.(44 mg, 0.75 mmol) were used, and a method similar to that described in 
Example 3 was employed to obtain the title compound (46 mg, 0.12 mmol, yield 21%). 

10 

(Example 10) 

N-r344^5,6^imethoxv-3-methvl-14'benzoquim)n-2"ylmethvnphenvl]propionvnetharK3lamine 

15 [0093] 3-[4-(5,6-dimethoxy-3-methyM^ acid (200 mg. 0.58 mmol) 

obtained in Example 1 and ethanolamine (47 mg, 0.75 mmol) werie used, and a method similar, to that described in 
Example 3 was employed to obtain the title compound (65 mg, 0.18 mmol, yield 29%). 

(Example 11) 

20 

N-r3-r4-(5,6HJimethoxy-3^ 

[0094] 3-[4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyf]propionic acid (200 mg, 0.58 mmol) 
obtained in Example 1 and benzylamine (80 mg, 0.75 mmol) were used, and a method similar to that described in 
25 Example 3 was employed to obtain.the title compound (33 mg, 0.08 mmol, yield 13%). 

(Example 12) 

N-[3-f4-(5.6<iimethoxv-3-methvH.4-benzoau^ 

30 

[0095] 3-[4-(5,6-dimethoxy-3-methyI-1,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (200 mg, 0.58 mmol) 
obtained in Example 1 and phenethylamine (91 mg, 0.75 mmol) were used, and a method similar to that described in 
Example 3 was employed to obtain the title compound (61 mg, 0.14 mmol, yield 24%). 

35 (Example 13) 

N-f3rr4-(5.6<iimethoxy-3-methvl-1.4^ 

[0096] 3-f4-(5,6-dimethoxy-3-methyl-1.4-benzoquinon-2-y1methyl)phenyi]acrylic acid (200 mg, 0.58 mmol) 
40 obtained in Example 2 and morpholine (65 mg, 0.75 mmol) were used, and a method similar to that described in Exam- 
ple 3 was employed to obtain the title compound (102 mg, 0.25 mmol, yield 43%). 

(Example 14) 

45 N-r3-f4-(5.6<iimethoxv-3HT>ethvl-1.4-benzoauinon-2-vlmethvnDhenvl1acrvlovllthlomorpholine 

[0097] 3-[4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]acrylic acid (200 mg, 0.58 mmol) 
obtained in Example 2 and thiomorpholine (77 mg, 0.75 mmol) were used, and a method similar to that described in 
Example 3 was employed to obtain the title compound (1 40 mg, 0.33 mmol, yield 56%). 

so 

(Example 15) 

N-[3-[4-(5.6<iimethoxv»3-methvl-14»benzoQuinon-2'ylmethvl)phenvnacrylovl)piperidine 

55 [0098] S-K^S.e^imethoxy-S-methyl-l^benzoquinon^-ylmethylJphenylJacrylic acid (200 mg, 0.58 mmol) 
obtained in Example 2 and piperidine (65 mg, 0.76 mmol) were used, and a method similar to that described in Example 
3 was employed to obtain the title compound (129 mg, 0.32 mmol, yield 54%). 
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(Example 16) 

N-F3-r4-(5.6<limethoxy-3-methYl-M^ 

[0099] 3-[4-(5,6-dimethoxy-3-methyl-V^^ acid (200 mg, 0.58 mmol) 

obtained in Example 2 and dimethylamine hydrochloride (61 mg, 0.75 mmol) and triethylamine (76 mg, 0.75 mmol) 
were used, and a method similar to that described in Example 3 was employed to obtain the title compound (23 mg, 
0.06 mmol, yield 11%). 

(Example 17) 

N-F344-(5,6<limethoxv-3-meth^ 

[0100] S-^^S.e-dimethoxy^-methyl-l^-benzoquinon^-ylmethyOphenyllacrylic acid (200 mg, 0.58 mmol) 
obtained in Example 2 and isopropylamine (44 mg, 0.75 mmoD were used, and a method similar to that described in 
Example 3 was employed to obtain the title compound (48 mg, 0.13 mmol, yield 22%). 

(Example 18) 

N-[3-f4-(5.6<iimethoxv-3-meM 

[0101] 3-[4-(5,6<limethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]acrylic acid (200 mg, 0.58 mmol) 
obtained in Example 2 and ethanolamine (46 mg, 0.75 mmol) were used, and a method similar to that described in 
Example 3 was employed to obtain the title compound (14 mg, 0.04 mmol, yield 6%). 

(Example 19) 

N-r3-r4-(5,6<iimethoxv-3^ 

[0102] 3-[4-(5,6<limethoxy-3-methyl-1,4-ben2oquinon-2-ylmethyi)phenyi]acrylic acid (200 mg, 0.58 mmol) 
obtained in Example 2 and benzylamine (80 mg, 0.75 mmol) were used, and a method similar to that described in 
Example 3 was employed to obtain the title compound (104 mg, 0.24 mmol, yield 42%). 

(Example 20) 

N-r3-r4-(5.6<limethoxv-3^e^ 

[0103] 3-[4-(5,6-dimethoxy-3-methyl-1,4-ben2oquinon-2-ylmethyl)phenyl]acrylic acid (200 mg, 0.58 mmol) 
obtained in Example 2 and phenethylamine (91 mg, 0.75 mmol) were used, and a method similar to that described in 
Example 3 was employed to obtain the title compound (170 mg, 0.38 mmol, yield 65%). 

Example 21. 4-(5.6-dimethoxv-3-methvM.4>benzoauinon- 2-ylmethvl)benzoic acid 

Method A 

Step 1. ^[hyfrQxy-p.a^s-t^ acid 

[01 04] After adding dropwise an aqueous solution (20 ml) of silver nitrate (3.06 g, 1 8.00 mmol) to an aqueous solu- 
tion of 1 N sodium hydroxide (36 ml), a solution of 4-[acetoxy-(2,3,4,5-tetramethoxy-6-methylphenyl)methy0benzalde- 
hyde (2.34 g, 6.00 mmol) obtained in Step 2 of Example 1 in THF (30 ml) was added dropwise and the mixture was 
stirred at room temperature for 5 hours. The reaction mixture was filtered and the solid was washed with hot water. The 
filtrate and the wash solution were combined, which was then acidified with concentrated hydrochloric acid and then 
was extracted with ether The extract was dried and the solvent was distilled off to yield the title compound (2.3 g, 6.37 
mmol, yield 100%). 

NMR (CDCI 3 ): 2.27 (3H, s), 3.30 (3H, s), 3.75 (1H. m), 3.82 (3H, s), 3.85 (3H, s), 3.94 (3H, s), 6.04 (1H, broad), 
7.42 (2H, m), 8.06 (2H, m) 
FABMS (m/z): 362 (M) + 
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Step 2. 4-(2.3.4.5-tetramethoxv-6-methylbenzyQbenzoic acid 

[0105] To a solution of triethyfsilane (1 .39 ml, 8.74 mmol) and TMSOTf (0.056 ml, 0.31 mmol) in methylene chloride 
(30 ml) was added dropwise a solution of the compound (2.26 g, 6.24 mmol) obtained in Step 1 in methylene chloride 
5 (12 ml) and the mixture was stirred at room temperature for 4 hours. The reaction mixture was washed with water, dried, 
and then the solvent was distilled off to yield the title compound (1 .98 g, 5.75 mmol, yield 96%). 

NMR (CDCI 3 ): 2.07 (3H, s), 3.70 (3H, s), 3.79 (3H, s), 3.92 (3H, s) t 3.95 (3H, s), 4.07 (2H, s), 7.20 (2H, m), 7.99 
(2H. m) 

10 FABMS (m/z): 346 (M+H)+ 

Step 3. 4-(5.6-dimethoxy-3-methvM .4-benzoquinon-2-ylmethyl)benzoic acid 

[0106] The compound (1 .98 g, 5.75 mmol) obtained in Step 2 was dissolved in a mixture of acetonitrile (40 ml) and 
15 water (15 ml), to which was added CAN (7.90 a 14.5 mmol) and the mixture was stirred at room temperature for 40 
minutes. The reaction mixture was poured into water and was extracted with ethyl acetate. After the extract was washed 
with water and dried, the solvent was distilled off. Ether was added to the residue and the resulting precipitate was fil- 
tered to yield the title compound (1.82 g, 5.76 mmol, yield 99%). 

20 Method B 

Step 1. p-iodobenzoic acid methylester 

[01 07] p-iodobenzoic acid (500 mg, 2.02 mmol) was dissolved in methanol (30 ml), to which was added 2M trimeth- 
25 ylsilyl diazomethane/hexane solution (1 3 ml) and the mixture was stirred at room temperature for 2 hours. The reaction 
mixture was concentrated under reduced pressure to yield a crude product (500 mg) of the title compound. This was 
used as a raw material in the subsequent reaction without purification. 

NMR(CDOI 3 ): 3.91 (3H, s), 7.74 (2H, d, J = 8.4 Hz), 7.80 (2H, d, J = 8.5 Hz) 
30 FABMS (m/z): 263 (M+H) + 

Step 2. 4-fhydroxv-f2,3.4.5-t etramethoxv-6-methvlDhenvl)methynbenzoic acid methylester 

[0108] To a solution of zinc chloride (1 .91 mmol) in dry tetrahydrofuran (9.6 ml) was added under ice-cooling a 1 A 
35 M methyllithium/ether solution (4. 1 ml, 5.73 mmol), and the mixture was stirred at 0°C for 30 minutes. The reaction mix- 
ture was cooled to -78°C, to which was added a solution of the compound (500 mg, 1 .91 mmol) obtained in Step 1 in 
dry tetrahydrofuran (2.0 ml) and the mixture was further stirred at -78°C for 4 hours. Subsequently, a solution of 2,3,4,5- 
tetramethoxy-6-methylbenzaldehyde (1 .38 g, 5.73 mmol) in dry tetrahydrofuran (2 ml) was.added and the mixture was 
stirred overnight at room temperature. To the reaction mixture an aqueous solution of saturated ammonium chloride 
40 (2.5 ml) was added at 0°C. After concentrating under reduced pressure, the concentrate was diluted with water and 
extracted three times with chloroform. After the organic layer was dried, the solvent was distilled off. After purification 
by a silica gel column chromatography (ethyl acetate : hexane = 1:2). the title compound (237 mg. 0.63 mmol, yield 
33%) was obtained. 

45 NMR (CDCI3): 2.26 (3H s), 3.28 (3H, s), 3,82 (3H, s), 3.85 (3H, s), 3.90 (3H, s). 3.94 (3H, s), 5.03 (1H, m), 6.01 
(1H, d, J= 10.5 Hz). 7.38 (2H, d, J = 8.2 Hz), 7.99 (2H,d, J = 8.4 Hz) 
. FABMS (m/z): 376 (M+H) + 

Step 3. 4-(2.3.4.5-tetramethoxy-6-methy)benzvl)benzoic acid methylester 

50 

[0109] To a solution of triethylsilane (88 mg, 0.76 mmol) and TMSOTf (0.004 ml) in methylene chloride (2 ml) was 
added dropwise a solution of the compound (237 mg, 0.63 mmol) obtained in Step 2 in methylene chloride (2 ml) and 
the mixture was stirred at room temperature for 4 hours. The reaction mixture was washed with saturated saline, dried, 
and then the solvent was distilled off. The residue was purified by a silica gel column chromatography (ethyl acetate : 
55 hexane = 1 : 6) to yield the title compound (160 mg, 0.45 mmol, yield 71%). 

NMR (CDCI3): 2.06 (3H S), 3.68 (3H, s), 3,78 (3H, S), 3.88 (3H, S), 3.92 (3H, S), 3.94 (3H, S), 4.05 (2H, s), 7.16 
(2H t d. J = 8.1 Hz), 7.91 (2H, d, J = 8.1 Hz) 
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FABMS (m/z): 360 (M+H) + 
Step 4. 4>(2 , 3,4 l 5-tetra methoxY-6-niethYlben2vl)ben20ic acid 

5 [0110] The compound (160 mg, 0.45 mmol) obtained in Step 3 was dissolved in a mixture of an aqueous solution 
of potassium carbonate (91 mg, 0.66 mmol) in water (1 ml) and methanol (2 ml) and the mixture was stirred at 70°C for 
3 hours. The reaction mixture was acidified by adding concentrated hydrochloric acid and then was extracted with dieth- 
ylether. The extract was washed with water, dried, and then the solvent was distilled off to yield the title compound (1 1 6 
mg, 0.34 mmol, yield 76%). 

w 

Step 5. 4-(5.6<iimethoxv^-methvl>1.4>benz(X3uinon>2-vlmethvl)benzoic acid 

[0111] The compound (116 mg, 0.34 mmol) obtained in Step 4 was dissolved in a mixture of acetonitrile (2.2 ml) 
and water (0.81 ml), to which was added CAN (447 mg, 0.82 mmol). The mixture was stirred at room temperature for 
is 30 minutes. The reaction mixture was poured into water and was extracted with methylene chloride. After the extract 
was washed with water and dried, the solvent was distilled off. The residue was purified by a silica gel column chroma- 
tography (methylene chloride : methanol = 8 : 1) to yield the title compound (92 mg, 0.29 mmol, yield 85%). 

Example 22. N-f4-(5.6-dimethoxv-3-methvM .4-benzoquinon-2-vlmethy0benzovffmorpholine 

20 

[0112] To 4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoic acid (100 mg, 0.31 mmol) obtained in 
Example 21 was added oxalyl chloride (0.3 mi) and the mixture was stirred at room temperature for 1 hour. After distill- 
ing off the solvent and drying under reduced pressure, an acid chloride was obtained which was dissolved in methylene 
chloride (2 ml). Morpholine (0.28 ml, 3.3 mmol) was added under ice-cooling and then the mixture was stirred at the 
25 same temperature for 30 minutes. The residue obtained after distilling off the solvent was purified by a silica gel column 
chromatography (hexane: ethyl acetate = 1 : 5) to yield the title compound (56 mg, 0.15 mmol, yield 44%). 

Exam ple 23. N-[4-(5.6-dimethoxy-3-methvl-1 .4-benzoquinon-2-vlmethvnbenzovqisoDrooylamine 

30 [0113] 4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoic ackJ (100 mg, 0.31 mmol) obtained in 
Example 21 and isopropyiamine (0.28 ml, 3.3 mmol) were used, and a method similar to that described in Example 22 
was employed to obtain the title compound (58 mg, 0.16 mmol, yield 49%). 

Example 24. N-f4-f5.6-dimethoxy-3-methvl-1.4-benzoquinon-2-ylmethvl)benzovnpiperidine 

35 

[0114] To a solution of 4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoic acid (50 mg, 0.16 mmol) 
obtained in Example 21 and piperidine (0.021 ml, 0.21 mmol) in methylene chloride (2 ml) was added 1 -ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride (46 mg, 0.24 mmol). and then the mixture was stirred at room temper- 
ature for 1 hour. The reaction mixture was concentrated under reduced pressure and was purified by a silica gel column 
40 chromatography (hexane : ethyl acetate = 1 : 2) to yield the title compound (30 mg, 0.08 mmol, yield 50%). 

Example 25. N-M-f 5.6-dimethoxv- 3-methvM .4-benzoauinon-2-vlmethvnbenzovnthiomorDholine 

[0115] 4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoic acid (100 mg, 0.32 mmol) obtained in 
45 Example 21 and thiomorpholine (0.035 ml, 0.35 mmol) were used, and a method similar to that described in Example 
24 was employed to obtain the title compound (65 mg, 0.16 mmol, yield 51%). 

Example 26. 4-f4-(5.6<iimethoxv-3-methYM.4-b^ acid 

50 Method A 

Step 1. 3-[4-(2.3.4.5-tetramethoxv -6- methvlbenzyl)phenyl]p ropionic acid d iazomethvl ketone 

[0116] 3-[4-(2,3,4,5-tetramethoxy-6-methylbenzyl)phenyI]propionic acid (750 mg. 2.00 mmol) obtained in Step 6 of 
ss Example 1 was dissolved in methylene chloride (2 ml), to which was added oxalyl chloride (2 ml) and the mixture was 
stirred at room temperature for 1 hour. The acid chloride obtained after distilling off the solvent was dried under reduced 
pressure. To a diazomethane solution [prepared using p-toluenesulfonyl-N-methyl-N-nitrosoamide (8.6 g). potassium 
hydroxide (2.4 g), carbitol (1 4 ml), water (5 ml), and ether (100 ml)] was added under ice-cooling triethyiamine (0.7 ml) 
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and then an ether solution of the above acid chioride (10 ml) was added. The reaction mixture was stirred at the same 
temperature for 2 hours. After the solvent was distilled off, the residue was purified by a silica gel column chromatogra- 
phy (hexane : ethyl acetate - 2 : 1 to 1 : 1) to yield the title compound (380 mg, 0.98 mmol, yield 49%). 

5 NMR (CDCI 3 ): 2.07 (3H, s), 2.60 (2H, m), ^90 (2H, m), 3.69 (3H, s), 3.78 (3H, s), 3.91 (3H, s), 3.93 (3H. s), 3.97 

(2H, s), 5.16 (1H, broad), 7.04 (4H, m) 
FABMS (m/z); 398 (M) + 

Step 2. 4-f4-f2.3.4.5-tetramethoxv^-methvlb6nzvl)phenvl1-n-butvric acid 

10 

[01 1 7] Sodium thiosulfate pentahydrate (230 mg, 0.93 mmol) and silver oxide (1 30 mg, 0.56 mmol) were dissolved 
in water (5 ml) and the mixture was heated to 50°C to 70°C. A solution of the compound (380 mg, 0.98 mmol) obtained 
in Step 1 in dioxane (3.5 ml) was added dropwise, and the mixture was stirred at the same temperature for 10 minutes. 
The reaction mixture was cooled and was acidified with an aqueous solution of diluted nitric acid and then was extracted 
15 with ether. The extract was washed with water, dried, and then the solvent was distilled off to yield the title compound 
(210 mg, 0.54 mmol. yield 93%). 

NMR (CDCI3): 1 .92 (2H, m), 2.08 (3H, s), 2.34 (2H, m), 2.61 (2H, m), 3.70 (6H, s), 3.78 (2H, s). 3.91 (3H, s), 3.93 
(3H, s), 7.03 (4H, m) 
20 FABMS (m/z): 388 (M) + 

Step 3. 4-f4-(5.6-dimethoxv-3-methyM .4-benzoquinon-2-ylmethyl)phenyl1-n»butvric acid 

[0118] The compound (260 mg, 0.67 mmd) obtained in Step 2, acetonitrile (5 ml), water (1,6 ml), and CAN (920 
25 mg, 1 .70 mmol) were used, and a method similar to that described in Step 3 of Example 21 was employed and then the 
reaction mixture was purified by a silica gel column chromatography (methylene chloride : methanol = 9 : 1) to yield the 
title compound (1 54 mg, 0.43 mmol, yield 74%). 

Method B 

30 

Step 1. 3-[4~(5.6-<iimethoxV'3-methvt-1.4-benzoQuinon"2-v1methvnphenvnpropionic acid diazomethvl ketone 

[0119] The 3-[4-(5,6<Hmethoxy-3-methyM,4-berc acid (340 mg, 1.00 mmol) 

obtained in Step 7 of Example 1, oxalyl chloride (0.5 ml), and triethylamine (0.14 ml) were used, and a method similar 
35 to that described in Step 1 of Method A of Example 26 was employed to obtain the title compound (140 mg, 0.38 mmol, 
yield 38%). 

NMR (CDCI3): 2.07 (3H. s), 2.59 (2H. m), 2.90 (2H, m), 3.80 (2H, s), 3.98 (3H, s), 3.99 (3H, s), 5.17 (1H, broad). 
7.08 (4H,s) 
40 FABMS (m/z): 369 (M+H) + 

Step 2. 4-f4-f5.6-dimethoxv-3-methvH .4-benzoauinon-2-vlmethvl)phenvll-n-butvric acid 

[0120] The compound (70 mg, 0:20 mmol) obtained in Step 1 , sodium thiosulfate pentahydrate (81 mg, 0.33 mmol), 
45 and silver oxide (44 mg, 0.19 mmol) were used, and a method similar to that described in Step 2 of Method A of Exam- 
ple 26 was employed to obtain the title compound (13 mg, 0.04 mmol, yield 20%). 

Example 27. N-[4-f4-(5.6-dimethoxv-3-methvl«1 .4-benzoquinon"2>vlmethvl)phenvnbutanovnmorpholine 

so [0121] 3-[4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]propionic acid diazomethyl ketone (70 
mg, 0.20 mmol) obtained in Step 1 of Method B of Example 26 was dissolved in dry ethanol (5 mi), to which were added 
silver nitrate (34 mg, 0.20 mmol) and morpholine (0.090 ml, 1 .0 mmol). and the mixture was heated to reflux for 20 min- 
utes. The reaction mixture was filtered and the solid was washed with ethanol. The filtrate and the wash solution were 
combined and the solvent was distilled off, the resulting residue was purified by a silica gel column chromatography 

55 (hexane : ethyl acetate = 1 : 3) to yield the title compound (42 mg, 0.098 mmol, yield 49%). 
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Example 28. N-f4-f4-(5.6-dimethoxy-3-methyl-1 .4-benzoquinon-2-ylmethvi)phenvl1butanQvl1thiomorpholine 

[0122] 4-[4-(5,6<Jimethoxy-3-methyM acid (50 mg, 0.14 mmol) 

obtained in Example 26 and thiomorpholine (0.016 ml, 0.15 mmol) were used, a method similar to that described in 
s Example 24 was employed to obtain the title compound (15 mg, 0.034 mmol, yield 24%). 

Example 29. N-f4-f4-(5.6<limethoxv+3-methyl-1 t 4-benzoquinon-2-ylmethvl)phenvl)butanovllpiperidine 

[0123] 4-[4-(5,6-dimethoxy-3-methyl-1 t 4-benzoquinon-2-ylmethyl)phenyl]-n-butyric acid (50 mg f 0.14 mmol) 
10 obtained in Example 26 and piperidine (0.015 ml, 0.15 mmol) were used, and a method similar to that described in 
Example 24 was employed to obtain the title compound (19 mg, 0.045 mmol, yield 32%). 

Example 30. N-r4-r4>f5.6Kiimethoxv-3-methvl-1 ,4-benzoquinon-2-vlmethvl)phenvnbutanovnisopropvlamine 

is [0124] 4-[4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]-n-butyric acid (50 mg, 0.14 mmol) 
obtained in Example 26 and isopropylamine (0.013 ml, 0.15 mmol) were used, and a method similar to that described 
in Example 24 was employed to obtain the title compound (30 mg, 0.075 mmol, yield 54%). 

Example 31. 3-[3-(5.6<limethoxY-3'methvl-1.443enzoquinon-2"ylmethyl)phenyllpropionic acide 

20 

[0125] 2,3,4,5-tetramethoxy-6-methylbenzaldehyde (960 mg, 4.00 mmol) and 2-(3-bromophenyl)-1,3-dioxolane 
(2.3 g, 1 0 mmol) were used, and a method similar to that described in Example 1 was employed to obtain the title com- 
pound (300 mg, 0.87 mmol). 

25 Example 32. N-[3-[3-(5.6-dimethoxy-3-methyl-1 .4"beruoquinon>2>ylme trnrf)phenvnpropiovllpiperidine 

[0126] 3-[3-(5,6<limethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (65 mg, 0.19 mmol) 
obtained in Example 31 and piperidine (0.022 ml, 0.21 mmol) were used, and a method similar to that described in 
Example 24 was employed to obtain the title compound (27 mg, 0.066 mmol, yield 35%). 

30 

Example 33. N-f3-r3T(5.6-dimethoxv-3-methvM .4-benzoQuinon-2-Ylmethvnphenvnpropiovl1thiomorphol»ne 

[0127] S-p-fS.e-dimethoxy-S-methyl-l^-benzoquinon^-ylmethyOphenyllpropionic acid (65 mg, 0.19 mmol) 
obtained in Example 31 and thiomorpholine (0.022 ml, 0.21 mmol) were used, and a method similar to that described 
35 in Example 24 was employed to obtain the title compound (26 mg, 0.061 mmol, yield 3?%). 

Example 34. N-f3-f3-(5,6<limethoxv-3-methvl-1 .4-benzoquinon>2-vlmethvl)phenvll propiovl1morpholine 

[0128] 3-[3-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyt]propionic acid (65 mg, 0.19 mmol) 
40 obtained in Example 31 and morpholine (0.019 ml, 0.21 mmol) were used, and a method similar to that described in 
Example 24 was employed to obtain the title compound (29 mg, 0.069 mmol, yield 36%). 

Example 35. N-r3-f3>f5.6-dimethoxy-3>methvl-1 .4-benzoquinon>2-vlmethvl)phenvnpropiovnisopropvlamine 

45 [0129] S-p-tS^-dimethoxy-S-methyl-l^-benzoquinon^-ylmethyOphenyllpropionic acid (65 mg, 0.19 mmol) 
obtained in Example 31 and isopropylamine (0.019 ml, 0,21 mmol) were used, and a method similar to that described 
in Example 24 was employed to obtain the title compound (12 mg, 0.031 mmol, yield 16%). 

Example 36. 3-f3-(5.6-dimethoxv-3-methvl-1.4-benzoauinon-2-vlmethvl)phenvl1acrvlic acid 

50 

[0130] 3-[3-(2,3,4 > 5-tetramethoxy-6-methylbenzyl)phenyl]acrylic acid ethylester (300 mg, 0.75 mmol) was used, 
and a method similar to that described in Example 2 was employed to obtain the title compound (220 mg, 0.64 mmol). 

Example 37. N43-[3-(5.6<limethoxv-3-methvl-1 .4-ben2oquinon-2-ylmethvl)phenyl1acrvlovnpiperidine 

55 

[0131] 3-[3'(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]acrylic acid (55 mg, 0.16 mmol) obtained 
in Example 36 and piperidine (0.018 ml, 0.1 8 mmol) were used, and a method similar to that described in Example 24 
was employed to obtain the title compound (30 mg, 0.073 mmol, yield 46%). 
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Example 38. N-[3-[3-(5.6-dimethoxv-3-methvI-1 .4-benzoQuinon-2-vlmethvnphenvl1acrvlovl1morphoIine 

[01 32] 3-[3-(5,6-dimethoxy-3-methyl-1 ,4-benzoqliinon-2-ylmethyl)phenyl]acry]ic acid (55 mg, 0. 1 6 mmpl) obtained 
in Example 36 and morpholine (0.016 ml, 0.18 mmol) were used, and a method similar to that described in Example 24 
5 was employed to obtain the title compound (36 mg, 0.088 mmol, yield 55%). . 

Example 39. N-[3-f3-(5.6-dimethoxv-3-methvlrl ,4-benzoquinon-2'Vlmethvl)phenyl]acryfoyl]isopropylamine 

[0133] 343-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyI)phenyl]acrylic acid (55 mg, 0.16 mmol) obtained 
10 in Example 36 and isopropylamine (0.016 ml, 0.18 mmol) were used, and a method similar to that described in Example 
24 was employed to obtain the title compound (21 mg, 0.055 mmol, yield 34%). 

Example 40. N-[3-r3-(5,6<iimethoxy-3-m&thyl-1 ^-benzoquinon^-ylmethytjphenyllacryloyllthiomorpholine 

is [0134] 3-[3-(5,6<limethoxy-3-methyI-1 ,4-benzoquindn-2rylmethyl)phenyl]acrylic acid (55 mg. 0.16 mmol) obtained 
in Example 36 and thiomorpholine (0.018 ml, 0.18 mmol) were used, and a method similar to that described in Example 
24 was employed to obtain the title compound (32 mg, 0.075 mmol, yield 47%). 

Example 41. S-tS^-dimethoxy^-methyl-l^-benzoquinon^-ylmethyObenzoic acid 

20 

Step 1. m-iodobenzoic acid methvlester 

[0135] m-iodobenzoic acid (1 g, 4.03 mmol) was used, and a method similar to that described in Step 1 of Method 
B of Example 21 was employed to obtain the title compound as a crude product (1 .08 g); This was used as a raw mate- 
25 rial for the subsequent reaction without purification. 

NMR (CDCI3): 3.92 (3H, s), 7.18 (1H, m), 7,88 (1H, d, J = 8.0 Hz), 8.00 (1H, d, J = 7.8 Hz), 8.38 (1H, s) - 
FABMS (m/z): 263 (M+H) + 

30 Step 2. 3-[hvdroxv-f2,3.4.5-tetramethoxv-6-methvlphehvl^methvl1benzoic acid methylester 

Method 1 

[0136] The compound (1.08 g,.4.1 mmol) obtained in Step 1 was used, and a method similar to that described in 
35 Step 2 of Method B of Example 21 was employed to obtain the title compound (490 mg, 1 .30 mmol, yield 32%). 

NMR (CDCI3): 2.26 (3H, s), 3.32 (3H, s). 3.82 (3H, s), 3.86 (3H, s), 3.90 (3H, s), 3.94 (3H, s), 6.02 (1H, d, J = 10.6 
Hz), 7.39 (1H, m). 7.47 (1H, d. J = 7.6 Hz), 7.91 (1H, J = 7.4 Hz), 8.04 (1H, s) 
FABMS (m/z): 376 (M+H) + 

40 i 

Method 2 

[01 37] A 1.54 M solution of t-butyllithium/pentane and the compound (1 .05 g. 4.00 mmol) obtained in Step 1 were 
used, and a method similar to that described in Step 2 of Method B of Example 21 was employed to obtain the title com- 
45 pound (684 mg, 1 .28 mmol, yield 32%). 

Step 3. 3-(2.3.4.5-tetramethoxv-6-methvlbenzvl)benzoic acid methvlester 

[0138] The compound (245 mg, 0.65 mmol) obtained in Step 2 was used, and a method similar to that described in 
50 Step 3 of Method B of Example 21 was employed to obtain the title compound (170mg, 0.47 mmol, yield 72%). 

NMR (CDCI3): 2.08 (3H. s), 3.70 (3H, s). 3.78 (3H, s), 3.89 (3H, s), 3.92 (3H, s), 3.94 (3H, s), 4.05 (2H, s), 7.26 - 
7.32 (2H, m), 7.83 (2H, m) 
FABMS (m/z): 360 (M+H) + 

55 ' - 

Step 4. 3-f2.3.4.5-tetramethoxv-6-methvlbenzvnbenzoic acid 

[01 39] The compound (1 70 mg, 0.47 mmol) obtained in Step 3 was used, and a method similar to that described in 
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Step 4 of Method B of Example 21 was employed to obtain the title compound (150 mg, 0.43 mmol, yield 91%). 

NMR (CDCI 3 ): 2.09 (3H, s), 3.71 (3H, s), 3.79 (3H, s), 3.92 (3H, s), 3.94 (3H, s), 4.06 (2H, s), 7.33 (2H. m), 7.90 
(2H.m) 

5 FABMS(m/z):346(M+H) + 

Step 5. 3-(5,6-dimethoxv-3-methvl>1.4-ben20Quinon-2>vlmethvl)benzoic acid 

[0140] The compound (150 mg, 0.43 mmol) obtained in Step 4 was used, and a method similar to that described in 
to Step 5 of Method B of Example 21 was employed to obtain the title compound (1 1 7 mg, 0.37 mmol, yield 86%). 

Example 42. N-r3-(5.6<limethoxv-3-methvl-1 .4-benzoauinon-2-vfmethvnbenzovnisoprcpvlamine 

[0141] 3-(5 f 6-dimethoxy-3-methyM ,4-benzoquinon-2-ylmethyl)benzoic acid (85 mg, 0.27 mmol) obtained in Exam- 
15 pie 41, isopropylamine (0.035 ml, 0.41 mmol). and 1-ethyl-3-(3-dimethylaminopropyl)carbcdiimide hydrochloride (78 
mg, 0.41 mmol) in dry methylene chloride (3.4 ml) were stirred at room temperature for 1 hour. The reaction mixture 
was concentrated under reduced pressure and then was purified by a silica gel column chromatography (methylene 
chloride : methanol » 20 : 1) to obtain the title compound (37 mg, 0.10 mmol, yield 37%). 

20 Example 43. N-[3-(5.6-dimethoxY-3-methyH .4^benzoquinon-2-vlmethyl)piperidine 

[0142] 3-(5,6-dimethoxy-3-rnethyl-1 ,4-benzoquinon-2-ylmethyl)benzoic acid (85 mg, 0.27 mmol) obtained in Exam- 
ple 41 and piperidine (0.036 ml, 0.41 mmol) were used, and a method similar to that described in Example 42 was 
employed to obtain the title compound (40 mg, 6. 1 0 mmol, yield 37%). 

25 

Example 44. N-f3-(5,6-dimethoxv-3-methvl-1 .4-benzoauinon-2-vlmethvhmorpholine 

[0143] 3-(5,6-dimethoxy-3-methyM ,4-benzoquinon-2-ylmethyl)benzoic acid (85 mg, 0.27 mmol) obtained in Exam- 
ple 41 and morphoiine (0.036 ml, 0.41 mmol) were used, and a method similar to that described in Example 42 was 
30 employed to obtain the title compound (57 mg, 0. 1 5 mmol, yield 54%). . 

Example 45. N-f3-(5.6-dimethoxv-3-methvl-1 .4-benzoquinon-2-vlmethvnthiomorpholine 

[0144] 3-(5,6-dimethoxy-3-methyl-1 ,44>enzoquinon-2-ylmethyl)benzoic acid (85 mg, 0.27 mmol) obtained in Exam-. 
35 pie 41 and thiomorpholine (0.041 ml, 0.41 mmol) were used, and a method similar to that described in Example 42 was 
employed to obtain the title compound (61 mg, 0.15 mmol, yield 54%). 

Example 46. N-r3-r4-(3.5,6-trimethyl-1 4-benzoquinon-2-v1methvl)phenvl1propic)nvllisopropylamine 

40 [01 45] 3-[4-(3,5,6-trimethyl- 1 ,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (25 mg, 0.08 mmol), isopropylamine 
(0.010 ml, 0.12 mmol). and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (28 mg. 0.12 mmol) in dry 
methylene chloride (1 ml) were stirred at room temperature for 1 hour. The reaction mixture was concentrated under 
reduced pressure and was purified by a silica gel column chromatography (methylene chloride : ethyl acetate = 4:1) 
to obtain the title compound (18 mg, 0.051 mmol, yield 64%). 

45 

Example 47, N-[3-f4-f3,5.9-trjmgthyl-1 ^-benzQquinQn^-YimethYQphenyllprQpiQnyllpipericiine 

[0146] 3-[4-(3,5,6-trimethyl-1,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (25 mg, 0.08 mmol) and piperidine 
(0.012 ml, 0.12 mmol) were used, and a method similar to that described in Example 46 was employed to obtain the 
so title compound (53 mg, 0.14 mmol, yield 59%). 

Example 48. N-f3-f4-(3.5.6-trimethvl-1 .4-benzoquinon -2-ylmethyl)phenyl]propionyl1morpholine 

[0147] 3-[4-(3,5.6-trimethyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (25 mg, 0.08 mmol) and morphoiine 
55 (0.010 ml, 0.12 mmol) were used, and a method similar to that described in Example 46 was employed to obtain the 
title compound (21 mg, 0.055 mmol. yield 69%). 
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Example 49. N J3-f3-(3.5.6-trimethvM .4-benzoauinon-2-ylmethvl)Dhenyllpropionvl]isopropvlamine 

[0148] 3^3-(5,6-dimethoxy-3-methyl^ acid (30 mg, 0.096 mmol) and 

isopropylamine (0.010 ml, 0.12 mmol) were used, and a method similar to that described in Example 46 was employed 
5 to obtain the title compound (1 4 mg, 0.040 mmol, yield 42%). 

Example 50. N-r3-f3-(3.5.6-trimethyl-1.4-benzoQuinon-2'Vlmethvl)phenvl1propionvl1piperidine 

[0149] S-p^S.e-dimethoxy-S-methyl-l^benzoquinon^-ylmethylJphenyilpropionic acid (30 mg, 0.096 mmol) and 
10 piperidine (0.010 ml, 0.12 mmol) were used, and a method similar to that described in Example 46 was employed to 
obtain the title compound (19 mg, 0.050 mmol, yield 52%). 

Example 51 . N-f343-(3.5.6-trimethvl-1 .4-benzoquinon-2-vlmethvl)phenvllpropionvnmorpholine 

15 [0150] 3-[3-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (30 mg, 0.096 mmol) and 
morpholine (0.010 ml. 0.12 mmol) were used, and a method similar to that described in Example 46 was employed to 
obtain the title compound (25 mg, 0.066 mmol, yield 69%). 

Example 52. 4-f5.6-dimeth6xV'3^methvl-1.4-benzoQuinon-2«vlmethvnphenvlacetic acid 

20 

Step 1 . 4-(2.3.4.5-tetramethoxv-6-methvlbenzvnbenzoic acid diazomethvl ketone 

[0151] 4-(2 ( 3,4 t 5-tetramethoxy-6«methybenzyl)benzoic acid (700 mg, 2.02 mmol) obtained in Step 2 of Method A 
of Example 21 was used, and a method similar to that described in Step 1 of Method A of Example 26 was employed 
25 to obtain the title compound (96 mg, 0.26 mmol; yield). 

NMR (CDCI 3 ): 2.07 (3H. S), 3.70 (3H, s), 3.79 (3H, s), 3.92 (3H. s). 3.95 (3H, S), 4.05 (2H, s), 5.85 (1H, s), 7.18 
(2H, d, J = 8.0 Hz), 7.65 (2H ( d, J = 8.0 Hz) 
FABMS (m/z): 370 (M) + 

30 

Step 2. 4-(5.6-dimethoxv-3-methvH .4»benzoquirion-2-ylmethyl)phenvlacetic acid 

[0152] The compound (96 mg, 0.26 mmol) obtained in Step 1 was used, and a method similar to that described in 
Step 2 of Method A of Example 26 was employed to obtain 4-(2,3,4,5-tetramethoxy-6-methylbenzyl)phenylacetic acid 
35 as a crude product. This was used without further purification, and a method similar to that described in Step 3 of 
Method A of Example 26 was employed to obtain the title compound (63 mg, 0. 1 9 mmol). 

Example 53. N44-(5.6-dimethoxv-3-methvM .4-benzoQuinon-2>vlmethvnphenvlacetvnmorpholine 

40 [0153] 4-(5,6<!imethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoic acid (100 mg, 0.32 mmol) obtained in 
Example 21 was used, and a method similar to that described, in Step 1 of Method A of Example 26 was employed to 
obtain 4-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)benzoic acid diazomethyl ketone as a crude product. 
Without further purification, this was dissolved in dry ethanol (5 ml). Silver nitrate (56 mg, 0.33 mmol) and morpholine 
(0.14 ml, 1.65 mmol) were added thereto and the mixture was heated to reflux for one hour. The resulting residue 

45 obtained after the distilling off the solvent was purified by a silica gel column chromatography (hexane : ethyl acetate = 
1 : 3 to 1 : 4) to yield a crude fraction containing the title compound. The fraction was purified again by silica gel column 
chromatography (methylene chloride : methanol = 20 : 1) to obtain the title compound (9 mg, 0.02 mmol, yield 7%). 

Example 54. N-f4^5.6>dimethox^3>methvl-.1 .4-benzoauinon-2>vlmethvnphenvlacetynpiperidine 

50 

[0154] 4-(5,6<Jimethoxy-3-methyM ,4-benzoquinon-2-ylmethyl)phenylacetic acid (21 mg, 0.063 mmol) obtained in 
Example 52 and piperidine (0.0094 ml, 0.095 mmol) were used, and a method similar to that described in Example 46 
was employed to obtain the title compound (7.8 mg, 0.020 mmol, yield 32%). 

55 Example 55. N-f4-f5.6-dimethoxv-3-methvlO .4-benzoquinon^2-vlmethvnphenvlacetyflthiomprpholine 

[0155] 4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-y!methyl)phenylacetic acid (21 mg, 0.063 mmol) obtained in 
Example 52 and thiomorpholine (0.0096 ml, 0.095 mmol) were used, and a method similar to that described in Example 
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46 was employed to obtain the title compound (5.1 mg, 0.012 mmol, yield 19%). 

Example 56. N44>f5,6-dimethoxv-3-methvl-1 ,4-benzoquinon-2-vlmethvnphenvlacetvl)isopropvlamine 

5 [0156] 4-(5,6-dimethoxy-3-rnethyM ,4-benzoquinon-2-ylmethyl)phenylacetic acid (21 mg, 0.063 mmol) obtained in 
Example 52 and isopropylamine (0.008 ml, 0.095 mmol) were used, and a method similar to that described in Example 
46 was employed to obtain the title compound (5.1 mg, 0.014 mmol. yield 22%). 

Example 57. 3-(5.6-dimethoxy-3-methvl-1.4>benzoquinon-2'ylmethvnph8nvlacetic acid 

10 

Step 1. 3-(2.3.4.5-tetramethoxv-6-methvlbenzvnbenzoic add diazomethyl ketone 

[0157] 3-(2,3,4,5-tetramethoxy-6-methylbenzyl)berizoic acid (560 mg, 1 .6 mmol) obtained in Step 4 of Example 41 
was used, and a method similar to that described in Step 1 of Method A of Example 26 was employed to obtain the title 
is compound (410 mg, 1 .1 mmol, yield 69%). 

NMR (CDCI 3 ): 2.08 (3H, s), 3.71 (3H, s). 3.78 (3H, s), 3.93 (3H, s), 3.94 (3H, s), 4.05 (2H. s), 5.84 (1H, s), 7.26 
(1H, m), 7.32 (1H, m), 7.53 (1H, m), 7.58 (1H, m) 
FABMS (m/z): 370 (M) + 

20 

Step 2. 3-(2,3,4 1 5-tetramethoxy-6-methYlbenzyl)phenYlacetic acid 

[0158] The compound (410 mg, 1.11 mmol) obtained in Step 1 was used, and a method similar to that described in 
Step 2 of Method A of Example 26 was employed to obtain the title compound (370 mg, 1 .03 mmol, yield 93%). 

25 

NMR (CDCI3): 2.08 (3H. s), 3.60 (2H. s). 3.68 (3H, s), 3.78 (3H, s), 3.92 (3H. s), 3.94 (3H, s),.4.00 (2H, s). 6.99 - 
7.09 (3H, m), 7.21 (1H,m) 
FABMS (m/z): 360 (M) + 

30 Step 3. 3-(5.6-dimethoxv-3-methvl-1.4-benzoquinon-2-vlmethyl)phenylacetic acid 

[01 59] The compound (370 mg, 1 .03 mmol) obtained in Step 2 was used, and a method similar to that described in 
Step 3 of Method A of Example 26 was employed to obtain the title compound (330 mg, 1 .00 mmol, yield 97%). 

35 Example 58. N-r3-(5.6<fimethoxv-3-methvM ,4-benzoqijinon-2-ylmethyl)phenylacetyl ]piperidine 

[0160] 3-(5,6<limethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenylacetic acid (90 mg, 0.27 mmol) obtained in 
Example 57 and piperidine (0.040 ml, 0.41 mmol) were used, and a method similar to that described in Example 46 was 
employed to obtain the title compound (35 mg, 0.088 mmol. yield 33%). 

40 

Example 59. N-f3-(5.6<iimethoxv-3-methvM ■4-benzoQuinon-2-vlmethyl)phenylacetvllthiomorpholine 

[0161] 3-(5.6<iimethoxy-3-methyl-1,44Denzoquinon-2-ylmethyl)phenylacetic acid (90 mg, 0.27 mmol) obtained in 
Example 57 and thiomorpholine (0.040 ml, 0.41 mmol) were used, and a method similar to that described in Example 
45 46 was employed to obtain the title compound (47 mg, 0.1 1 mmol, yield 41%). 

Example 60. N-[3-(5.6^imethoxv-3-methyl-1 .4-benzoquinon-2-ylmethyl)phenviacetvl]morpholine 

[0162] 3-(5,6<jimethoxy^-me%l-1,4-benzoquinon-2-ylmethyl)phenylacetic acid (90 mg, 0.27 mmol) obtained in 
so Example 57 and morpholine (0.035 ml, 0.41 mmol) were used, and a method similar to that described in Example 46 
was employed to obtain the title compound (41 mg, 0.10 mmol, yield 37%). 

Example 61 . N-f3-(5.6-dimethoxY-3-methvH .4-benzoquinon-2-ylmethvl)phenylacety1isopropvlamine 

55 [0163] 3-(5,6<iimethcxy-3-methylO,445enzoquinon-2-ylmethyl)phenylacetic acid (90 mg, 0.27 mmol) obtained in 
Example 57 and isopropylamine (0.035 ml, 0.41 mmol) were used, and a method similar to that described in Example 
46 was employed to obtain the title compound (43 mg, 0.1 2 mmol, yield 44%). 
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Example 62. 4-f3-(5.6-dimethoxv-3-methvM .4-benzoquinon-2-vlmethvnphenvl]-n-butvric acid 
Step 1 . 3-[3-(2,3.4.5-tetramethoxv-6-methvlbenzvnDhenvl]propSonic acid diazomethvF ketone 

5 [01 64] S-tS^g^^.S-tetramethoxy^-methylbenzylJphenylJpropionic acid (500 mg, 1 .34 mmol) obtained as an inter- 
mediate in the synthesis of the compound of Example 31 was used, and a method similar to that described in Step 1 of 
Method A of Example 26 was employed to obtain the title compound (330 mg. 0.83 mmol, yield 62%). 

NMR (CDC! 3 ): 2.07 (3H, s), 2.58 (2H, broad), 2.89 (2H, m), 3.65 (3H, s), 3.78 (3H, s), 3.93 (3H ( s), 3.94 (3H, s), 
10 3.98 (2H, s). 5.17 (1H, broad), 6.91 - 6.99 (3 H, m), 7.16 (1H, m) 
FABMS (m/z): 398 (M) + 

Step 2. 4-r3-f2.3.4 > 5-tetramethoxv-6-methvlbenzvnphenvn'n-butvric acid 

15 [01 65] The compound (330 mg, 0.83 mmol) obtained in Step 1 was used, and a method similar to that described in 
Step 2 of Method A of Example 26 was employed to obtain the title compound (320 mg, .0.83 mmol. yield 1 00%), 

NMR (CDCI 3 ): 1.93 (2H, m), 2.08 (3H, s), 2.35 (2H, m), 2.62 (2H, m), 3.69 (3H, s), 3.78 (3H, s), 3.92 (3H, s). 3.94 
(3H. s), 3.99 (2H, s), 6.91 - 6.98 (3H, m), 7.16 (1H ( m) 
20. FABMS (m/z): 388 (M) + 

Step 3. 4-[3^5.6-dimethoxy-3"methyl-1.4-benzoquinon-2>ylmethyl)phenyl]-n-butyric acid 

[01 66] The compound (330 mg, 0.85 mmol) obtained in Step 2 was used, and a method similar to that described in 
25 Step 3 of Method A of Example 26 was employed to obtain the title compound (290 mg. 0.81 mmol, yield 98%). 

Example 63. N-f4-r3-f5.6-dimethoxy-3-methyl-1 .4-benzoauinon-2-vlmethvl)Phenvnbiitanoyl]piperidine 

1 

[01671 4-[3-(5,6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]-n-butyric acid (73 mg, 0.20 mmol) 
30 obtained in Example 62 and piperidine (0.030 ml, 0.30 mmol) were used, and a method similar to that described in 
Example 46 was employed to obtain the title compound (16 mg, .0.038 mmdl, yield 1 9%). 

Example 64. N-f4-f3-(5.6<limethoxv-3-methvl-1 .4-benzoquinon-2"Vlmethvl)phenvl]butanovl)thiomorpholine 

35 [0168] 443-(5.6^imethoxy-3-methyl-1,4-benz^^ acid (73 mg, 0.20 mmol) 

obtained in Example 62 and thiomorpholine (0.030 ml, 0.30 mmol) were used, and a method similar to that described 
in Example 46 was employed to obtain the title compound (26 mg, 0.059 mmol, yield 29%). 

Example 65. N44-f3-f5.6-dimethoxv-3>methvl>1 .4^enzoauinon>2-vlmethvl)phenvnbutahovnmorpholine 

40 

[0169] 4-[3-(5.6-dimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyr)phenyl]-n-butyric acid (73 mg, 0.20 mmol) 
obtained in Example 62 and morpholine (0.026 ml, 0.30 mmol) were used, and a method similar to that described in 
Example 46 was employed to obtain the title compound (28 mg, 0.066 mmol. yield 33%). 

45 Example 66. Nrf4-r3-(5.6<timethoxv-3-methvl-1 .4-benzoauinon-2-vlmethvl)phenvnbutanovnisopropvlamine 

[0170] 4l3-(5,6-dimethoxy-3-methyl-1,^ acid (73 mg, 0.20 mmol) 

obtained in Example 62 and isopropylamine (0.019 ml, 0.30 mmol) were used, and a method similar to that described 
in Example 46 was employed to Obtain the title.compound (17 mg, 0.043 mmol, yield 21%): 

50 • 

Example 67. 3-[2-(5.6<iimethoxy^3-methvl-1.4-benzoauinon-2-vlmethvl)phenvnacrvlic acid 

Step 1 . 2-[2'fhvdroxv-f2.3.4.5-tetramethoxv-6"methvlphenyl)methyl)phenvl1-1 ,3-dioxolane 

55 [0171] 2-(2-bromophenyl)-l ,3-dioxolane (2.03 g, 8.90 mmol) was used, and a method similar to that described in 
Step 1 of Example 1 was employed to obtain the title compound (1.64 g, 4.20 mmol, yield 47%). 

NMR (CDCI3): 2.14 (3H, s), 3.64 (3H, s), 3.79 (3H, s), 3.90 (3H, s), 3.96 (3H, s), 4.08-4.19 (2H, m), 4.43 (1H, d, J 
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= 8.8 Hz), 6.37 (1 H. s). 6.46 (1 H, d, J = 8.8 Hz), 6.97 (1 H, d, J « 7.6 Hz), 7.24 - 7.30 (2H, m), 7.70 (1 H, d, J = 7.6 Hz) 
FABMS (m/z): 390 (M+H) + 

Step 2. 2-r2-facetoxv-(2.3 A5-tetrame^^ 

5 

. [01 72] The compound (640 mg, 1 .64 mmol) obtained in Step 1 was used, and a method similar to that described in 
Step 2 of Example 1 was employed to obtain the title compound (590 mg, 1 .51 mmol, yield 92%). 

NMR (CDCI 3 ): 2.15 (3H, s). 2.17 (3H, s), 3.64 (3H, s), 3.79 (3H, s). 3 r 87 (3H, s), 3.95 (3H. s), 7.33 (1H, d, J = 7;7 
10 Hz), 7.45 (1H, m), 7.53 (1H, m), 7.88 (1H, m), 7.94 (1H, s), 10.20 (1H, s) 
FABMS (m/z): 388 (M+H) + 

Step 3. 3-r2-racetoxv>(2.3.4.5-tetramethoxv-6>methvlphenvnmethvnDhenvl]acrvlic acid ethvlester 

15 [0173] The compound (590 mg. 1.51 mmol) obtained in Step 2 was used, and a method similar to that described in 
Step 3 of Example 1 was employed to obtain the title compound (490 mg, 1.07 mmol, yield 71%). 

NMR (CDCI3): 1.32 (3H, s), 2.15 (3H, s), 2.21 (3H, s), 3.58 (3H, s), 3.78 (3H, s), 3.86 (3H. s), 3.94 (3H, s), 4.22 
(2H, m), 6.19 (1H, d. J = 15.7 Hz), 7.24 - 7.33 (2H, m), 7.49 (1H, m), 7.60 (1H, s), 7.80 (1H, d. J = 15.7 Hz) 
20 FABMS (m/z): 458 (M+H) + 

Step 4. 3-f2-(2.3.4.5-tetramethoxy-6- methylben zyl)phenyl]acrylic acid ethylester 

[0174] The compound (490 mg. 1 .07 mmol) obtained in Step 3 was used, and a method similar to that described in 
25 Step 4 of Example 1 was employed to obtain the title compound (230 mg, 0.58 mmol. yield 54%). 

NMR (CDCI3): 1.36 (3H t m), 2.00 (3H, s). 3.64 (3H, s), 3.80 (3H, S), 3.92 (3H. s). 3.96 (3H, S), 4.11 (2H, s). 4.29 
(2H, m), 6.40 (1H, d, J = 15.8 Hz), 6.71 (1H, broad), 7.19 (2H, m), 7.59 (1H, m), 8.22 (1H, d. J = 15.8 Hz) 
FABMS (m/z): 400 (M+H) + 

30 

Step 5. 3-r2-f2.3,4.5-tetrame1hoxv-6-methvlbenzvnDhenyllacrvlic acid 

[0175] The compound (137 mg, 0.34 mmol) obtained in Step 4 was used, and a method similar to that described in 
Step 1 of Example 2 was employed to obtain the title compound (71 mg, 0.19 mmol, yield 56%). 

35 

NMR (CDCI3): 2.02 (3H, s), 3.64 (3H. s). 3.80 (3H, s). 3.92 (3H, s), 3.96 (3H, s). 4.12 (2H, s), 6.42 (1 H, d, J = 15.8 
Hz), 6.75 (1H, m), 7.21 - 7.25 (2H, m), 7.60 (1H, m), 8.32 (1H. d. J = 15.8 Hz) 
FABMS (m/z): 372 (M+H) + 

40 Step 6. 342-(5.6<iimethoxv-3-methvl-1.4-benzoauinon-2-ylmethvnphenyl]acrylic acid 

[0176] The compound (71 mg, 0.34 mmol) obtained in Step 5 was used, and a method similar to that described in 
Step 2 of Example 2 was employed to obtain the title compound (23 mg, 0.067 mmol, yield 35%). 

45 Example 68. N-F3-f2-f5.6<limethoxY-3-methvH .4-benzoQuinon'2-vlmethv»Dhenvl1acrvlovmhiomorDholine 

[0177] 3-[2-(5,6-dimethoxy-3-methyl-1 f 4-behzoquinon-2'ylmethyl)phenyl]acrylic acid (20 mg, 0.058 mmol) 
obtained in Example 67 and thiomorpholine (0.009 ml, 0.087 mmol) were used, and a method similar to that described 
in Example 46 was employed to obtain the title compound (10 mg, 0.023 mmol, yield 40%). 

so 

Example 69. 3-r2-(5.6<lime1hoxv-3-methvH acid 

Step 1. 3^2-(2,3.4.5-tetramethoxv-6-methvlbenzvltohenvnpropionic acid ethvlester 

55 [0178] S-p^.S^.S-tetramethoxy-e-methylbenzylJphenyqacrylic acid ethylester (85 mg, 0.21 mmol) obtained in 
Step 4 of Example 67 was used, and a method similar to that described in Step 5 of Example 1 was employed to obtain 
the title compound (80 mg, 0.20 mmol, yield 95%). 
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NMR (CDCI3): 1.27 (3H, m), 2.03 (3H, s), 2.68 (2H. m) f 3.1 1 (2K m), 3.61 (3H, m), 3.81 (3H. s), 3.92 (3H, s), 3.96 
(3H, s), 3.98 (2H, s). 4.17 (2H, m), 6.63 (1H, d, J = 7.6 Hz), 7.04 (1H, m), 7.11 (1H, m), 7.18<1H, m) 
FABMS (m/z): 402 (M+H) + 

5 Step 2. 3-[2-(2.3.4.5-tetramethoxv-6-methvlbenzyl)phenYnDropionic acid 

[0179] The. compound (80. mg, 0.20 mmoi) obtained in Step 1 was used, and a method similar to that described in 
Step 6 of Example 1 was employed to obtain the title compound (63 mg, 0.1 7 mmol, yield 85%). 

10 NMR (CDCI3): 2.03 (3H, s), 2.75 (2H, m), 3.12 (2H, m) f 3.61 (3H, s), 3.81 (3H. s), 3.91 (3H, s), 3.96 (3H, s), 3.98 
(2H, s), 6.65 (1H. d, J = 7.6 Hz), 7.06 (1H, m), 7.13 (1H, m), 7.20 (1H, d, J = 7.2 Hz) 
FABMS (m/z): 374 (M+H) + 

Step 3. 3-f2-(5.6^imethoxv >3-methvl-1.4-benzoquinon-2-»ylmethvl^phenvnpropionic acid 

15 

[0180] The compound (63 mg. 0.17 mmol) obtained in Step 2 was used, and a method similar to that described in 
Step 7 of Example 1 was employed to obtain the title compound (50 mg, 0.15 mmol, yield 88%). 

Example 70, N-[3-f2>(5,6<iimethoxy-3-methyl-1 ,4-benzoquinon-2>ylm^hyl)phenyllpropionynpiperidine 

20 

[0181] 3^2-(5,6<limethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (20 mg, 0.058 mmoi) 
obtained in Example 69 and pipeline (0.009 ml, 0.087 mmol) were used, and a method similar to that described in 
Example 46 was employed to obtain the title compound (8.4 mg, 0.020 mmol, yield 34%). 

25 Example 71 . N>f3-f2-f5.6<iimethoxv-3-methvl-1.4-benzoauinon-2-vlmethvlbhenvllDroDionvr|morpholine 

[0182] 3^2-(5,6<limethoxy-3-methyl-1,4-benz(Xiuinon-2-ylmethyl)phenyl]propionic acid (25 mg, 0.070 mmol) 
obtained in Example 69 and morpholine (0.009 ml, 0.11 mmol) were used, and a method similar to that described in 
Example 46 was employed to obtain the title compound (10 mg, 0.024 mmol, yield 34%). 

30 

Example 72. N-[3-F2-f5.6-dimethoxy-3-methyi- 1 .4-benzoQuinoh>2-ylmethyllphenyqpropionvllthiomorpholine 

[0183] S-p^S.e-dimethoxy-S-methyl-IAbenzoquinon^-ylmethyOphenyllpropionic acid (25 mg, 0.070 mmol) 
obtained in Example 69 and thiomorpholine (0.01 1 ml, 0.1 1 mmol) were used, and a method similar to that described 
35 in Example 46 was employed to obtain the title compound (10 mg, 0.024 mmol, yield 34%). 

Example 73. N-[3-r2-(5.6<iimethoxv-3-methvM .4-bQnzoquinon-2«vlmethvl)phenvl)proDionvnisopropvlamine 

[0184] 3^2-(5.6-dimethoxy-3-methyl-1,4-berizcquinon-2-ylme%0phenyl]propionic acid (15 mg, 0.044 mmol) 
40 obtained in Example 69 and isopropyiamine (0.005 ml, 0.066 mmol) were used, and a method similar to that described 
in Example 46 was employed to obtain the title compound (4.7 mg, 0.012 mmol, yield 27%). 

Example 74 to 189. 

45 [0185] The compounds of Example 74 to 1 89 were prepared using a synthesizer (MORITEX Corp.) in the following 
method: 

[0186] To a solution of 3-[4-(5,6<limethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)phenyl]propionic acid (100 mg, 
0.30 mmol) obtained in Example 1 in dry methylene chloride (0.3 ml) were sequentially added triethylamine (0.2 ml, 
1.40 mmol), a solution of an amine (0.4 mmol) in methylene chloride (0.6 ml) and propane phosphonic acid anhydride 
so (a 25% solution in ethyl acetate, 0.6 ml), and the mixture was stirred at 25°C for 1 to 2 hours. Water was added to the 
reaction mixture, extracted with ethyl acetate, and after drying the solvent was distilled off. The resulting residue was 
purified by a silica gel column chromatography (methylene chloride - methanol) to yield the desired compound. 
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Experiment 1. Gel shift method 

[0187] According to the gel shift method, a protein that binds to the NF-kB binding sequence [1 1 5th base to 1 06th 
base upstream of the transcription initiation point (No. -1 1 5 to No. -106), 1 7th (Q) to 26th (C) in SEQ ID NO: 1] on the 
5 5'-flanking sequence [131st base to 97th base upstream of the transcription initiation point (No. -131 to No. -97); SEQ 
ID NO: 1) of the hiNOS gene can be observed by cytokine stimulation. 

[0188] The gel shift method was carried out as follows: the present sequence (SEQ ID NO: 1)was labelled by dig- 
. oxigenin (DIG), which was incubated with a nuclear fraction extracted from A549 cells available from ATCC (CCL185) 
and then was eiectrophoresed at 4°G using a 7.5% polyacrylamide gel. The nuclear fractions of the cell were extracted 
10 from the non-stimulated cells, the cells stimulated for 4 hours with IL-ip (1 ng/ml) or CM (human IL-1p (1 ng/ml) + 
human IFN-y (1000 U/ml) + human TNF-a (500 ng/ml)) by the method of Schreiber et al. (Auphan, N., DiDonato. J. A.. 
Rosette, C, Helmberg, A. and Karin, M. (1995) Science 270: 286-290). The DNA in the eiectrophoresed gel was trans- 
ferred to a nylon membrane by electrotransferring and the DIG-labelled DNA was detected as a chemiluminescence 
DIG-recognition antibody. 

75 [0189] Figure 1 shows the result of the above experiment, which revealed that there is a protein (A) that binds to 
the present sequence in the A549 nuclear fraction in a non-specific manner in the case of non-stimulatioa However, it 
was found that stimulation with IL-1 p or CM results in the binding of another stronger binding protein (B). These findings 
have indicated that cytokine stimulation of the cells activates NF-kB. 

[0190] It was demonstrated that the prior addition of the compound (20 ug/mi) of the present invention obtained in 
20 Example 4 under this experimental condition inhibits the activation of NF-kB of A549 cells caused by CM stimulation 
(Figure 2). 

Experiment 2. Effect on human luna carcinoma cell line A549 ( A 5 49/NF-kBLuc) that has st ably introduced a luciferase 
olasmid (pNFkB-Luc. Strataoen e. U.SAl regulated bv the NF-kB binding sequence. 

25 

[0191] Using lipofectamine (Lifetech Oriental K.K., Tokyo) according to the conventional method, A549 cells were 
co-transfected with pNFkB-Luc and pSV2neo (Clontech, U.S.A.). and then A549/NF-kBLuc, the cell that has stably 
introduced pNFkB-Luc, was selected by adding G418 sulfate (1 mg/ml, Lifetech Oriental K.K.) to the culture medium. 
[0192] It was confirmed and revealed that when A549/NF-kBLuC is stimulated with IL-1 p (1 ng/ml) or TNF-a (500 
30 ng/ml) for 4 hours, the compound obtained in Example 4 suppresses luciferase activity that has been regulated by the 
activation of NF-kB (Figure 3). The luciferase activity was measured using the Luciferase Assay System (Promega, 
U.S.A.). IC50 values are also shown in Table 1 together with the compounds of Examples 7 and 9. 



Table 1 





Test compound 


IC50 (uM) 


Test compound 


IC50 foM) 






IL-1 stimulation 


TNF stimulation 




IL-1 stimulation 




Example 3 


29 




Example 65 


12 


40 ] 


Example 4 


10 


10 


Example 66 


3 . 




Example 7 


4 


10 


Example 70 


44 




Example 9 


3 


4 


Example 71 


56 


45 


Example 23 


42 




Example 72 


42 




Example 27 


15 




Example 73 


34 




Example 28 


14 




Example 76 


14 




Example 29 


13 




Example 79 


13 


50 


Example 30 


14 




Example 81 


5 




Example 32 


24 




Example 83 


1 




Example 33 


28 




Example 85 


5 


55 


Example 34 


. 29 




Example 94 


1 




Example 35 


8 




Example 96 


17 




Example 37 


49 




Example 103 


10 
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Table 1 (continued) 





Test compound 


IC50 (jiM) 


Test compound 


IC50 (nM) 




IL-1 stimulation 


TNF stimulation 




IL-1 stimulation 


5 


Example 39 


39 




Example 104 


12 




Example 42 


22 




Example 105 


16 




Example 43 


21 




Example 106 


7 


10 


Example 44 


39 




Example 111 


14 




Example 45 


17 




Example 113 


16 




Example 46 


17 




Example 120 


2 




Example 47 


21 




Example 121 


7 


15 


Example 48 


18 




Example 128 


19 




Example 49 


28 




Example 136 


18 




Example 50 


16 




Example 137 


7 


20 


Example 51 


115 




Example 147 


47 




Example 53 


8 




Example 148 


25 




Example 54 


5 




Example 151 


20 




Example 55 


7 




Example 154 


28 


25 


Example 56 


5 




Example 163 


19 




Example 58 


13 




Example 167 


15 




Example 59 


12 




Example 168 


9 


30 


Example 60 


18 




Example 169 


43 




Example 61 


24 




Example 173 


36 




Example 63 


2 




Example 175 


19 


or 


Example 64 


5 




Example 189 


26 



Experiment 3. Effect of Hpopolvsaccharide ( LPS) stimulation on NO and TNF-a production 

[01 93] When various cells are stimulated with LPS. NF-kB is activated which results in the expression and induction 
40 of proteins represented by NDS and TNF-a, and thereby the cells start to produce NO and TNF-a. 

[0194] The Griess' method utilizing a diazo reaction has been known as a method for indirectly knowing that a cell 
actually produces NO. In the Griess* method, the Griess' reagent in which naphthylethylenediamine and sulfaniiic acid 
have been mixed is reacted with N0 2 ion in the culture medium, and the color development thereof is measured by 
absorbance at 540 nm. The amount of NO accumulated in the cell culture medium after 24 hours was measured in this 
45 method with a result that the production of NO released from LPS (10 jig/ml)-stimulated RAW264.7 cells (ATCC, TIB- 
71) derived from macrophage is suppressed by the compound obtained in Example 4 (Figure 4A). 
[0195] The result of measurement using the Biotrack mouse TNF-a ELISA kit (Amersham Life Science, England) 
revealed that the compound obtained in Example 4 can also inhibit the production of TNF-a released from the 
RAW264.7 cells that were stimulated with LPS (10 ng/ml) for 4 hours (Figure 4B). 
so [01 96] The inhibitory activity of the compounds shown in the Examples is expressed as an IC50 value. 



Table 2 



Test compound 


IC50 (jiM) 




NO production 


TNF-a Production 


Example 4 


21 


21 
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Table 2 (continued) 





Test compound 


IC50 (uM) 






NO production 


TNF-a Production 


5 


Example 7 


15 


22 




Example 9 


10 


16 




Example 35 


19 


19 


10 


Example 53 


19 


19 




Example 81 


13 


13 




Example 83 


6 


9 




Example 85 


21 


26 


15 


Example 94 


9 


11 




Example 103 


31 


31 




Example 106 


17 


25 


20 


Example 120 


7 


11 




Example 121 


13 


17 




Example 137 


20 


20 




Example 168 


17 


17 



25 



[0197] Furthermore, when mRNA extracted from the RAW264.7 cells was determined by a reverse transcriptase- 
polymerase chain reaction (RT-PCR) method, it was confirmed that the mechanism of these suppressions are based 
on the level of gene expression of iNOS and TNF-a (Figure 5). 

30 

Experiment 4. Suppressive effect on carraaeenin toot pad edema 
Experimental method 

35 [0198] Male Wistar rats (5 weeks old) weighing 90 - 120 g were used in the experiment. The rats were acclimated 
for one week and then were divided in following groups of eight animals: 

Test compound group 1 : Compound 1 (Example 4) 30 mg/kg 
Test compound group 2: Compound 2 (Example 7) 50 mg/kg 
40 Control group: 5% Dimethyl sulfoxide 

[0199] The test compound was given once intraperitoneally, and two hours later 0.1 ml of a prophlogistic agent was 
given once intradermal^ on the foot pad of the right hind leg of the animals to induce foot pad edema. The amount of 
the test compound administered was set at 10 ml/kg, and was calculated based on the body weight on the day of the 

45 experiment. The control group received the same amount of 5% dimethyl sulfoxide. As the prophlogistic agent, carra- 
geenin (CARRAGEENAN Lambda, Sigma Chemical Company) was suspended in Japanese Pharmacopeia saline and 
was used as a 1% carrageenin suspension. Foot volume was measured by determining the volume of the right hind leg 
using a volume meter (TK-101 , manufactured by Yunikomu) before the administration of the test compound, 1,2,3, and 
4 hours after the administration of the prophlogistic agent. The edema ratio and the edema suppression ratio was cal- 

so culated by the following method. The suppressive effect of the compound of the present invention on edema was con- 
firmed (Figures 6 and 7): 

Edema ratio (%) = (foot volume after the administration 
of the prophlogistic agent - foot volume before the administration of the test compound) / foot volume before 
55 the administration of the test compound x 1 00 
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Edema suppression ratio (%) = (mean edema ratio of the 
control group - mean edema ratio of the test compound 
group) / mean edema ratio of the control group x 100 

5 

Industrial Applicability 

[0200] Since the compounds of the present invention can inhibit the activation of NF-kB, they are useful as preven- 
tive and/or therapeutic agents for diseases caused by the activation of NF-kB, for example diseases caused by the 

to excessive production of inflammatory mediators and viral propagation. More specifically the NF-kB inhibitors of the 
present invention are useful as therapeutic and/or preventive agents for diseases caused by, for example, the excessive 
production of NO or TNF-a including septic shock, osteoarthritis, rheumatoid arthritis, cachexia, multiple organ failure, 
inflammatory bowel diseases, malaria, acquired immune deficiency syndrome, human T-cell leukemia, meningitis, hep- 
atitis, type II diabetes, multiple sclerosis, Behcet's disease, systemic lupus erythematosus, ischemic heart disease, 

75 Alzheimer's disease, and the like. 
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<100> 



SEQUENCE LISTING 
SUNTORY LIMITED 



w 



<120> NF-KB inhibitor comprising phenylmethyl benzo- 
quinone as an active ingredient 



15 



20 



<130> 

<150> 
<151> 

<160> 



G830 

JP-10-092431 
1998-03-20 



25 



30 



3S 



<210> 
<2L1> 
<212> 
<213> 

<220> 
<221> 
<222> 
<223> 



1 

35 
DNA 

Artificial sequent 



40 <400> 1 

aactgtacac aagctgggga cactcccttt ggaaa 



35 



45 



Claims 

so 1 . An NF-tcB inhibitor comprising as an active ingredient a benzoquinone derivative represented by the following gen- 
eral formula (1): 



55 
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0 



5 




o 



( I ) 

10 



wherein 

T5 R 1( R 2 . and R 3 are each independently a hydrogen atom, an alky! group having 1 to 5 carbons, or an alkoxy 

group having 1 to 5 carbons; 

R 4 is a hydrogen atom, a hydroxymethyl group, an alkyi group, or a carboxyl group which is optionally esterif ied 

or amidated; 

Zis 

so 



25 



30 




CH=CH- CH=CH- 



35 and, n is an integer from 0 to 6, or its hydroquinone form, or a pharmaceutical ly acceptable salt thereof. 

2. The NF-kB inhibitor according to claim 1 in which R 1 and R 2 are a hydrogen atom, a methyl group, or a methoxy 
group. 

40 3. The NF-kB inhibitor according to claim 1 or 2 in which R 3 is a hydrogen atom or a methyl group. 
4. The NF-kB inhibitor according to claim 1 , 2, or 3 in which 2 is 



45 




50 

arid n is an integer 0. 
5. The NF-kB inhibitor according to claim 1 , 2, or 3 in which 2 is 
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5 




and n is an integer 1 , 2, or 3. 

10 

6. The NF-kB inhibitor according to any one of claims 1 to 5 in which R 4 is a group -COOR 5 wherein R 5 is a hydrogen 
atom, an optionally substituted alkyl group having 1 to 8 carbons, an optionally substituted phenyl group, or an 
optionally substituted aralkyt group having 7 to 11 carbons. 

15 7. The NF-kB inhibitor according to any one of claims 1 to 5 in which R 4 is a group -CONR 6 R 7 wherein R 6 and R 7 are 
each independently a hydrogen atom, an optionally substituted alkyl group having 1 to 8 carbons, an optionally sub- 
stituted bicyclic unsaturated or partially saturated hydrocarbon ring group having 9 to 11 carbons, an optionally 
substituted heterocyclic group, an optionally substituted phenyl group, an optionally substituted aralkyl group hav- 
ing 7 to 11 carbons, or a heteroaryl-C r C 3 «alkyl group, or R 6 and R 7 , together with the nitrogen atom to which they 

20 are attached, represent a heterocyclic group which may further contain a nitrogen, oxygen, and/or sulfur atom. 

8. The NF-kB inhibitor according to any one of claims 1 to 5 in which R 4 is a group -GONR 6 R 7 wherein R 6 and R 7 , 
together with the nitrogen atom to which they are attached, represent a 5- to 10-membered optionally substituted, 
nitrogen-containing heterocyclic group which may contain, in addition to the carbon and nitrogen atom, 1 to 3 het- 

25 eroatoms selected from the group consisting of a nitrogen, oxygen and sulfur atom, the carbon atom on said cyclic 
group being optionally a ketone form or the sulfur atom on said cyclic group being optionally an oxide form. 

9. The NF-kB inhibitor according to claim 1 , 6, 7, or 8 in which Rj and R 2 are a methyl group or a methoxy group; R 3 
is a methyl group: R 4 is a carboxyl group which is optionally esterified or amidated; Z is 

30 




35 

and n is an integer 1 , 2, or 3. 

10. The NF-kB inhibitor according to any one of claims 1 to 9 which is a suppressing agent for the gene expression of 
40 one or more substances selected from the group consisting of IL-1 , TNF-a, IL-2, lL-6, IL-8, iNOS, granulocyte col- 
ony-stimulating factor, interferon-p, ICAM-1, VCAM-1, ELAM-1, major histocompatibility system class I. major his- 
tocompatibility system class II, p2-microglobulin, immunoglobulin light chain, serum amyloid A,.angiotensinogen. 
complement B, complement C4, c-myc, HIV. HTLV-1, SV40, CMV, and adenovirus. 

45 11. The NF-kB inhibitor according to any one of claims 1 to 9 which is a preventive or therapeutic agent for inflamma- 
tory diseases. 

1 2. The NF-kB inhibitor according to any one of claims 1 to 9 which is a preventive or therapeutic agent for autoimmune 
diseases. 

so 

13. The NF-kB inhibitor according to any one of claims 1 to 9 which is a preventive or therapeutic agent for viral dis- 
eases. 

14. A preventive or therapeutic agent for diseases caused by the activation of NF-kB comprising as an active ingredient 
55 a benzoquinone derivative represented by the following general formula ( 1 ) : 
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O 




O 



(I) 



wherein 

R 1( R 2 . and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an alkoxy 
group having 1 to 5 carbons; 

R 4 is a hydrogen atom, a hydroxymethyl group, an alkyl group. or a carboxyl group which is optionally esterified 

oramidated; 

Zis 




and. n is an integer from 0 to 6, or its hydroquinone form, or a pharmaceutically acceptable salt thereof. 
15. A novel compound selected from: 

N-p^^S.S^Iimethoxy-S-methyl-l^-benzoquinon-a-ylmethylJphenyOpropionyQmorpholine, 

N-[3^4-(5,6<Hmethoxy-3-me%M,44Denz^ S-oxide, 

N-[3l4-(5,6<Jimethoxy-3-me%l-1,4^e S-dioxide. 

N-[3-[4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)pheny0propionyl]pipericfine. 

N-[3-[4-(5,6<iimethaxy-3-methyl-1,4^ 

N-[314-(5,6<limethaxy-3-me%M,44Denzoquinon-2-^^^ 

N-[4^4-(5,6<Jimethoxy-3-methyl-1 f 4^enzoqw 

N-[3^4-(5,6<iimethoxy-3-methyl-1 f 4^enzoquinon-2-ylmethyl)phenyQpro^ 

N-[3-[4-(5,6<iimethoxy-3-methyl-1,4-benzo^^ 

N43-[4-(5,6^imethoxy-3-methyl-1,4-benzoq^^ 

N-[3-[4-(5.6<iimethoxy-3-methyM^ 

N-[3^4-(5,6<limethoxy-3«methyl-1,4^enzoqM 

N-[3^4-(5,6<iimethaxy-3-methyM^ 

N-[3^4-(5,6<limethoxy-3-methyM ,4-benzoquinon-2-ylmetrvl)phenyl]acryloyliisopropylamihe. 

N-[314-(5,6<Jimetho)cy-3-methyM,44>enzoqui^^ 

N-[3l4-(5,6<iimethoxy-3-methyl-1,4^enzoqum^ 

N-[3^4-(5,6^imethoxy-3-me%M,443enzoquinon^ 

N-p^S-fS.eKJimethoxy-S-methyl-MHaenzoqu^ 

N-[3^3-(5,6<limethoxy-3-methyl-1,4^enzoquinon-2-^^ 

N-[3^3-(5,6<limethoxy-3-methyl-1,4^enzoquinon-2-ylmethyl)pheny0propionyl]morpholi 
N-p^-fS^imethoxy-S-methyl-M^enzoquinon^^ 
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S-p-tSpe^imethoxy-S-methyl-l^-benzoquinon-S-ylmethylJphenyllacrylic acid, 
N-[3-[3-(5,6-dimethoxy-3-methyl- 1 ,4-benzoqulnon-2-ylmethyl)phenyl]acryloyl]piperidine, 
N-p-p-fS.B^imethaxy-S-methyM^^en^ 

N-[3-[3^53<limethoxy-3-me%l-1 l 4-benzoquinon-2-ylmethyl)phenynacryloy0 
N-[3^3-(5,6<jimethoxy-3-me%l-1 i 44)enzoquinon-2-yImethyl)pheny 
N-p-[4-(3,5,6-trimethyl-1,4-benzoquinon-2^ 
N-p-[4-p, 5,6-trim ethyl -1,4-benzoquinon-2-^ 

N-[3-[4-(3,5,64rimethyl-1 t 4-benzoqujnon-2-ylmethyl)phenyl]propionyl]morphoH 
N-[3-[3-(3,5,6-trimethyl-1 ,4-benzoquinon-2-yImethyl)phenyl]propionyl]isopropylamine, 
N«pH3-(3,5,64rime%l-1,4-benzoquinon^^ 

3-[2-(5,6<Jimethoxy-3-meihyM ,4-benzoquinon-2-ylmethyl)phenyl]acrylic acid, 
N-[3-[2^5,6<iimethoxy-3-methyi-1 ,4^ 

3- [2-(5.6<iimethoxy-3-methyM f 443enzo^ 
N-p-[2-(5,6<Jimethoxy-3-methyl-1,4-te 
N-[3-[2-(5,6Hiimethoxy-3-methyi-M 
N-p-[2-(5.6<Jimethoxy-3-methyM.4-benz^ 
N-p-[2^5 t 6<limethoxy-3-methyl-1 ,^ 

N-p-[4-(5,6Klimethoxy-3-methyl-1 ( 4-benzoquinorh2-ylmethyl)phen (methoxymethyi)pyrroli- 
dine, 

N-p-[4-(5 t 6-dimethoxy-3-methyl- 1 ^-benzoquinon^-ylmethyOphenylJpropionyllisonipecotamjde, 

N-[3-[4-(5 t 6-dimethQxy-3-methyl- 1 ,4-benzoquinon-2-ylmethyl)phenyl]propionyl]-4-methylpiperidine, 

N-p-[4-(5,6<fimethoxy-3-methyi-1,4-ben^ 

N-[3-[4^5.6<iimethbxy-3-methyl-1,4-benzbquinon-2-ylmethyl)p 

N-[3-[4-(5.6^imethoxy-3-methyl-1,^^^ 

N-[3-[4^5,6^imethoxy-3-methyl-1,4^ 

N-p-[4^5,6«Jimethoxy-3-methyl-1,4-benzoq^^ 

N-[3-[4^5.6<Jimethoxy-3-methyl-1,4-b^ 

N-p-[4-{5,6-dimethoxy-3-methyl-1 ,44?enzoquinon-2-ylmethy1)phenyl]propionyl]-D,L-pipeco!ic acid ethyiester, 
N-[3-[4^5,6<limethoxy-3-methyl-1,4^enzoquinon-2-ylmethyl)phe^ 

4- p-[4-(5,6-dimethoxy-3-methyl-1 ( 4-benzcx^uinon-2-ylmethyl)phenyllpropionyl] aminophenylacetonitrile, 
N-p-[4^5,6<Jimethoxy-3-methyl-1,443enzoqw^^ 
N-p-[4^5,6<iimethoxy-3-methyl-1,4-beriz^ 

N-p-[4^5 ( 6^imethQxy-3-me%l-1,4^enzoquinon-2-ylmethy!)phenyIJpropiony phenylethylamine, 

N-p-^-^.e^Jimethoxy-S-methyl-l^-benz^ 

N[3-[4^5,6<iimethoxy-3-methyl-1,4-ben^ 

N-[3-[4-(5,6Hdimethoxy-3-methyl-1,4^ 

1-p-[4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyl]propionyl]4-ethoxycart)onylpiperazine, 
1-[3-[4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)phenyllpr<^)ionyl]-4-phenylpiperazine, 
1-P-[4-(5,6-dimethoxy-3-methyl-1 ,4-benzcx}uinon-2-y|methyl)phen^ 
1-p-[4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)pheny!]p^ 
piperidine, 

1-p-[4-(5.6-dimethoxy-3-methyl-1 ,44>enzoquinon-2-ylmethyl)phenyl]propto^ 
zine, 

N-p-[4-(5,6<iimethoxy-3-methyl-1.4^enzo^^ 
rahydroisoquinoline, 

4-acetyl-4iDhenyM-p-[4-(5,6<limethoxy-^ piperidine, 

N-P'[4-(5,6<limethoxy-3*methyl-1,4-benzoquinon-2-ylmethyl)phe 

line, 

N-p-[4-(5,6<limethoxy-3-me%M,4-benzoq^^ 

N~[3-[4-(5,6<Jimethoxy-3-meftyl-1,4^ 
N-[3-[4^5,6<iimethoxy-3-methyM,44^ 

4-(5,6-dimethoxy-3-methyl- 1 ,4-benzoquinon-2-ylmethyl)benzoic acid. 

N-[4-(5,6<Jimethoxy-3-methyl-1,445enzoquinon-2-ylmethyl)benzoyllm 

N-[4-(5,6<Jimethoxy-3-methyl-1,44>enzoqw^ 

N-[4-(5,6<jimethoxy-3-methyl-1,4-benzoquinon-2-ylmethyl)^ 

N-[4-(5.6<1imethoxy-3-methyl-1,4^enzoquto^ 

3-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyl)benzoic acid, 

N-p-(5,6<iimethoxy-3-methyl-1,4^enzoquinon-2-ylmethyl)benzoyl]isopropyl^ 
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N-[3-(5,6-dimethoxy-3-methyl-1 ( 4-benzoquinon-2-y!methyi)piperidine, 
N-[3-(5,6<iimethoxy-3-methyl-1 ,445^ 

N-[3-(5,6-dimethoxy-3-methyl-1 ,4^enzoquinon-2-ylmethyi)thiomorpholine, 

4-[4-(5,6-dimethoxy-3-methyl-1 ,4-benzoquinon-2-ylmethyI)phenyl]-n-butyric acid, 

N-[4^4-(5,6<limethoxy-3-methyl-1,4-benzc^ 

N-^^-^.e^fimethoxy-S-me^M^-benzoquinon^-ylme^^^ 

N-[444-(5,6<iimethoxy-3-me%J-1 ,4^ 

N-[4^4-(5,6<limethoxy-3-me%l-1,4-benzoquinon-2-ylm^ 

4-(5,6<iiiTiethoxy-3-methyl-1 P 4-benzoquinon-2-ylmethyl)phenylacetic acid, 

N^4^5,6^imethoxy-3-methyl-1 > 445enzoquinon-2-ylmethyl)phenylacetyQmor^ 

N-[4^5,6Hdimethoxy-3-methyM ,4-be 

N-[4-(5,6<iimethoxy^methyl-1,4-benzoqu^ 

N-[4-(5,6<Jimethoxy-3-methyl-1,4^enzoquinon^ 

3- (5.6<iimethoxy-3-methyM ,4-benzoquinon-2-ylmethyl)phenylacetic acid, 
N^3-(5,6<Jimethoxy-3-methyM ^ 
N-[3-(5,6KJimethoxy-3-methyl-1,445enzoquinon^ 
N-[3K5,6<limethoxy-3-methyM,4^enzoqw 
N-p-^e^iimethoxy-S-methyM^-benzoq^^ 

4- [3-(5,6-dimethoxy-3-methyl-1 ,44Denzoquinon-2-ylmethyl)phenyO-n-butyric acid, 
N-[4-[3-(5.6<Jimethoxy-3-methyl-1,4-bera 
N-[4-[3-(5,6<Jime4hoxy-3-metty^ 

N-[443-(5,6<Jimethoxy-3-methyM^ and 
N-[443-(5,6^imethoxy~3-meth^ 

16. An inhibitor of TNF-a production comprising as an active ingredient a benzoquinone derivative represented by the 
following general formula (1): 



Rj, R 2 . and R 3 are each independently a hydrogen atom, an alky! group having 1 to 5 carbons, or an alkoxy 
group having 1 to 5 carbons; 

R4 is a hydrogen atom, a hydroxymethyl group, an alkyl group, or a carboxyl group which is optionally esterif ied 

or amidated; 

Zis 




(I) 



wherein 







CH=CH- 



CH=CH- 
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and, n is an integer from 0 to 6, or its hydroquinone form, or a pharmaceutical^ acceptable salt thereof. 

17. The inhibitor of TNF-a production according to claim 16 in which R 1 and R 2 are a hydrogen atom, a methyl group, 
or a methoxy group. 

5 

18. The inhibitor of TNF-a production according to claim 16 or 17 in which R 3 is a hydrogen atom or a methyl group. 

19. The inhibitor of TNF-a production according to claim 16, 17, or 18 in which Z is 

10 




15 

and n is an integer 0. 
20. The inhibitor of TNF-a production according to claim 16, 17, or 18 in which 2 is 

20 




25 



and n is an integer 1 , 2, or 3. 

30 21 . The inhibitor of TNF-a production according to any one of claims 16 to 20 in which R 4 is a group -COOR 5 wherein 
R5 is a hydrogen atom, an optionally substituted alkyl group having 1 to 8 carbons, an optionally substituted phenyl 
group, or an optionally substituted aralkyl group having 7 to 1 1 carbons. 

22. The inhibitor of TNF-a production according to any one of claims 16 to 20 in which R 4 is a group -CONR 6 R 7 
35 wherein R 6 and R 7 are each independently a hydrogen atom, an optionally substituted alky! group having 1 to 8 

carbons, an optionally substituted bicyclic unsaturated or partially saturated hydrocarbon ring group having 9 to 1 1 
carbons, an optionally substituted heterocyclic group, an optionally substituted phenyl group, an optionally substi- 
tuted aralkyl group having 7 to 1 1 carbons, or a heteroaryl-Ci -C 3 -alkyI group, or R 6 and R 7 , together with the nitro- 
gen atom to which they are attached, represent a heterocyclic group which may further contain a nitrogen, oxygen, 
40 and/or sulfur atom. 

23. The inhibitor of TNF-a production according to any one of claims 16 to 20 in which R4 is a group -CONR 6 R 7 
wherein Re and R 7 . together with the nitrogen atom to which they are attached, represent a 5- to 10-membered 
optionally substituted, nitrogen-containing heterocyclic group which may contain, in addition to the carbon and 

45 nitrogen atom, 1 to 3 heteroatoms selected from the group consisting of a nitrogen, oxygen and sulfur atom, the 
carbon atom on said cyclic group being optionally a ketone form or the sulfur atom on said cyclic group being 
optionally an oxide form. 

24. The inhibitor of TNF-a production according to claim 16, 21, 22, or 23 in which R 1 and R 2 are a methyl group or a 
50 methoxy group; R 3 is a methyl group: R 4 is a carboxyl group which is optionally esterrfied or amidated; Z is 



55 




79 
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and n is an integer 1 , 2, or 3. 

25. The inhibitor of TNF-a production according to any one of claims 16 to 24 which is a suppressing agent for the gene 
expression of one or more substances selected from the group consisting of IL-1, TNF-a, IL-2, IL-6, IL-8, iNOS, 
5 granulocyte colony-stimulating factor, interferon-p, ICAM-1, VCAM-1, ELAM-1, plasminogen activator-inhibiting 

factor I, major histocompatibility system class I, major histocompatibility system class II, (^-microglobulin, immu- 
noglobulin light chain, serum amyloid A, angiotensinogen, complement B, complement C4, c-myc, HIV, HTLV-1, 
SV40, CMV. and adenovirus. 

10 26. The inhibitor of TNF-a production according to any one of claims 1 6 to 24 which is a preventive or therapeutic agent 
for inflammatory diseases. 

27. The inhibitor of TNF-a production according to any one of claims 1 6 to 24 which is a preventive or therapeutic agent 
for autoimmune diseases. 

15 

28. The inhibitor of TNF-a production according to any one of claims 1 6 to 24 which is a preventive or therapeutic agent 
for viral diseases. 

29. A preventive or therapeutic agent for diseases caused by the excessive production of TNF-a comprising as an 
20 active ingredient a benzoquinone derivative represented by the following general formula (1): 



25 



30 



40 



45 



50 



o 



R 2 Y CH 2 -Z-<CH 2 ) ft -R 4 
(I) 



wherein 



R 1( R 2i and R 3 are each independently a hydrogen atom, an alkyl group having 1 to 5 carbons, or an alkoxy 
$s group having 1 to 5 carbons; 

R 4 is a hydrogen atom, a hydroxymethyi group, an alkyl group, or a carboxyl group which is optionally esterified 
. oramidated; 



Zis 





-p -Q O 



CH=CH- 



CH=CH- CH=CH- 



and, n is an integer from 0 to 6, or its hydroquinone form, or a pharmaceutical^ acceptable salt thereof. 
55 30. A benzoquinone derivative represented by the following general formula (1): 



80 
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O 




O 

(I) 

wherein 

R 1t R 2 , and R 3 are each independently a hydrogen atom, an alky! group having 1 to 5 carbons, or an alkoxy 
group having 1 to 5 carbons; 

R 4 is a hydrogen atom, a hydroxymethyl group, an alky! group, or a carboxyl group which is optionally esterrf ied 

or amidated; 

Zis 




CH=CH- CH=CH- 



and, n is an integer from 0 to 6, provided that when 2 is 




n is not 0. and when Z is 




n is neither 0 nor 2, 

or its hydroquinone form, or a pharmaceutical^ acceptable salt thereof. 

31. The benzoquinone derivative according to claim 30 in which R-j and R 2 are a hydrogen atom, a methyl group, or a 
methoxy group, or its hydroquinone form or a pharmaceutical^ acceptable salt thereof. 

32. The benzoquinone derivative according to claim 30 or 31 in which R 3 is a hydrogen atom or a methyl group, or its 
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hydroquinone form or a pharmaceutical^ accepta- 33. The benzoquinone derivative according to claim 30, 
ble salt thereof. 31 . or 32 in which Z is 



and n is an integer 1 or 3, or its hydroquinone form 
or a pharmaceutically acceptable salt thereof. 



34. The benzoquinone derivative according to any one 
of claims 30 to 33 in which R 4 is a group -COOR 5 
wherein R 5 is a hydrogen atom, an optionally sub- 
stituted alkyl group having 1 to 8 carbons, an 
optionally substituted phenyl group, or an optionally 
substituted aralkyl group having 7 to 1 1 carbons, or 
its hydroquinone form or a pharmaceutically 
acceptable salt thereof. . 

35. The benzoquinone derivative according to any one 
of claims 30 to 33 in which R 4 is a group -CONRgRy 
wherein R 6 and R 7 are each independently a hydro- 
gen atom, an optionally substituted alkyl group hav- 
ing 1 to 8 carbons, an optionally substituted bicyclic 
unsaturated or partially saturated hydrocarbon ring 
group having 9 to 1 1 carbons, an optionally substi- 
tuted heterocyclic group, an optionally substituted 
phenyl group, an optionally substituted aralkyl 
group having 7 to 1 1 carbons, or a heteroaryl-C«|- 
C 3 -alkyl group, or Rg and R 7 , together with the 
nitrogen atom to which they are attached, represent 
a heterocyclic group which may further contain a 



nitrogen, oxygen and/or sulfur atom, or its hydroqui- 
none form or a pharmaceutically acceptable salt 
thereof. 



36. The benzoquinone derivative according to any one 
of claims 30 to 33 in which R 4 is a group -CONRgRy 
wherein R 6 and R 7 , together with the nitrogen atom 
to which they are attached, represent a 5- to 10- 
membered optionally substituted* nitrogen-contain- 
ing heterocyclic group which may contain, in addi- 
tion to the carbon and nitrogen atom, 1 to 3 
heteroatoms selected from the group consisting of 
a nitrogen, oxygen and sulfur atom, the carbon 
atom on said cyclic group being optionally a ketone 
form or the sulfur atom on said cyclic group being 
optionally an oxide form, or its hydroquinone form 
or a pharmaceutically acceptable salt thereof. 

37. The benzoquinone derivative according to claim 30, 
34, 35, or 36 in which R-j and R 2 are a methyl group 
or a methoxy group; R 3 is a methyl group: R4 is a 
carboxyl group which is optionally esterif ied or ami- 
dated; Z is 
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Fig . 1 
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Fig. 3 
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Fig. 4 
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derivatives represented by the general formula (I) given in claim 1, 
hydro- qui none compounds thereof or pharmacologically acceptable salts of 
the same. 

Inventions as set forth in claims 3 0 to 37 pertain to the benzoguinone 
derivatives represented by the general formula (I) given in claim 30, 
hydro- quinone compounds thereof or pharmacologically acceptable salts of 
the same per se, but excluding some of these compounds. 

With respect to the reason for the exclusion of some specific compounds 
in claims 30 to 37, it is considered, based on the description in the 
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compounds claimed in claim 15 are regarded as novel ones. It is therefore 
considered that the descriptions in claims 1 to 14 or Claims 16 to 29 involve 
two inventive concepts, i.e., "use inventions of novel compounds" and "novel 
use inventions of publicly known compounds". Such being the case, the 
inventions of claims 1 to 14 or claims 16 to 29 and the inventions of claims 
15, 30 and 37 are not considered as relating to a group of inventions so 
linked as to form a single general inventive concept. 
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